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Nature is extremely diverse in terms of large number and many 
types of organic molecules required for life. This diversity is solely due to 
the wide catalytic scope of enzymes. Enzymes are highly spedlic and 
selective catalysts tiiat operate typically under mild reaction conditions; 
(e.g., ambient temperature, pressure, pH and ionic strength). Such 
properties have enabled enzymes to become valuable catalysts in food 
and beverage (Reed, 1975) and diagnostic industiies (Guiibault, 1982). 
The same properties make enzymes potentially attractive in synttietic 
chemistiy, especially in the synthesis of phamiaceuticals, chiral 
intermediates, speciality polymers and biomedicals. 
Biosensors employing enzymes are finding wide spread 
applications in ttie analytical and biomedical fields (Suzuki and Karube, 
1981; Guiibault, 1982) as well as in genetic engineering (Nilsson and 
Mosbach, 1981; Bulow and Mosbach, 1982; Uimer, 1983). The principal 
limitation in the use of the enzymes for various applications are their high 
susceptibility to inactivation, high cost, poor recovery and hence 
reusability. Enzyme immobilization technology inti'oduced in tiie late 
sixties has circumvented the problems and are suitably employed as a 
reusable catalysts suited for analytical, biomedical and industrial 
applications. 
1.2 ENZYME IMMOBILIZATION 
The temn immobilized enzyme was adopted at ttie first enzyme 
engineering conference held at Hennicker New Hamphshire in 1971. 
Enzyme immobilization technology has indeed revolutionized the 
concepts of applied enzymology. Enzyme immobilization is one of the 
most important technique and is a generic term used to describe retention 
of a biologically active catalyst within a reactor or analytical system. The 
biocatalyst as a single enzyme, mixture of enzymes or enzymes present 
inside a living cell is confined within or on a living support material. The 
immobilized enzyme takes on the physical characteristics of the support 
while retaining the basic biochemical activity of the free catalyst. Thus in 
addition of convenient handling of enzyme preparations, the two main 
target benefits are; (i) easy separation of enzyme from the product, and 
(ii) reuse of the enzyme (Tischer and Volker, 1999). Moreover, the 
immobilization enhances the resistance by restricting the unfolding of 
protein which results in the loss of activity. Studies on immobilized 
enzymes have shown that they display kinetic behaviour subtly different 
from that of free enzyme. It thus imparts novel characteristics to enzyme 
and modifying their basic catalytic behaviour (Clark, 1994). Immobilization 
allows flow process in bioreactors there by making the processing less 
expensive and more sustainable. Vidal et al. (1998) reported 
electropolymerization of pyrrole and immobilization of glucose oxidase in 
a flow system. 
Enzyme immobilization technology has a remarkable potential in 
increasing usefulness of enzymes (Poulson, 1984). Some important 
industries that are currently employing immobilized enzymes for 
production of several useful compounds are listed (Table 1). 
Immobilization of enzynf}es are currently the subject of 
considerable interest because of their advantages over soluble enzymes 
Table 1 
List of Enzymes Employed In Industrial, Analytical and 
Therapeutic Uses 
Enzymes Applications 
Amylase Alcohol production, animal feed, biscuit and bread 
manufacturing brewing, rubber factory, desizing in 
textile industry, wine production, waste water 
treatment. 
Asparaginase an anticancer agent. 
Cellutases Alcohol production, animal feed, biscuit and bread 
manu^cturing, brewing, biofinishing in textile industry, 
waste treatment, wine production, hydrolysis of 
cellulose into cellobiose and glucose. 
Catalase Increasing shelf life of milk, colour control in wine, 
sterlization/preservation of dairy products, production of 
gluconic acid, butter oil and butter manufacturing, egg 
processing. 
Chymosin Cheese making. 
Dextranase Removal of tooth plaques. 
Glucoamylase Conversion of starch to glucose. 
Glucose 
isomerase 
Conversion of glucose into fructose. 
Glucose oxidase Butter and butter oil manufacturing, bread making, 
gluconic acid production, glucose analysis in blood and 
urine, egg-processing, colour control in wine, ELISA. 
Glutaminase an anticancer agent 
P-galactosidase Hydrolysis of lactose in milk or whey. ELISA 
Hesperidinase Production of artificial sweetner. 

























Production of optically active amino acid from racemic 
mixtures. 
Plant tissue and rubt)er factory, starch, coffee, cellulose 
formation, membrane and filters cleaning. 
Inversion of sucrose. 
Production of maltose from starch. 
Modification of wool, hair and leather. 
Drying of lacquer, detoxification of waste vt^ter. 
Flavouring of milk products, butter oil manufacturing, 
brewing, cheese making, as detergents, egg 
processing, making ice cream, textiles. 
In treatment of certain ulcers, measles, multiple 
sclerosis and some skin diseases. 
Removal of bitter taste from citrus juices and fruits. 
Production of acrylamide from acrylonitrile. 
Fruit juice and v '^ne clarification/ dissolution of cell wall. 
Production of semisynthetic penicillin. 
ELISA, waste water treatment, dairy products, dental 
hygiene. 
Protein hydrolysis, waste treatments, beer-chill 
proofing.. Cheese making, cleaning, natural 
confectionery, in gum products, dental hygiene. 
Digestion of blood clots. 
Removal of tannic acid firom foods. 
waste water treatment, phenols analysis. 
As a therapeutic agent. 
Paper industry, brewing or animal feed. 
or alternative technologies and the steadily increasing number of 
applications for Immobilized enzymes (Katchalski-Katzir, 1993). 
Several workers have reviewed the choice and properties of the 
carriers for enzyme Immobilization (Mosbach, 1976; Royer et al.. 1976). 
More indepth knowledge on enzyme immobilization procedures can be 
obtained from the recent literature (Birnbaum and Mosbach, 1991; 
Birnbaum, 1992; Gemeiner et al., 1994; Jafri et al., 1995; Jafri and 
Saleemuddin 1997; Uttenthaler et al., 1998). 
A large number of natural and synthetic supports are available 
for enzyme immobilization like, agarose, polyacrylamide. polyvinyl 
acetate, alginate, dextran, cellulose acetate, lipid polyamide, PEI - nylon 
etc. Methods employed for enzyme immobilization have t>een put into five 
main classes; i.e. adsorption, chemical aggregation, entrapment, 
microencapsulation, covalent attachment (Fig.1). 
1.2.1 Adsorption 
It is one of the most simple and versatile available method for 
enzyme immobilization. The term adsorption means fixation of an enzyme 
on the surfece of a solid support that has not been functionalized 
specifically for covalent attachment. Adsorption is a complex process and 
may involve the formation of various non-covalent interactions, including 
hydrogen bonding, hydrophobic and electrostatic interactions. The 
reversibility of adsorption may be practical advantage. The enzyme and 
carrier both can be easily recovered from the reaction mixture. Numerous 
supports like phosphate gels, porous glass carbon, silica, alumina, ion-
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exchangers and even living cells have been used for the immobilization of 
enzymes by adsorption. Zusaman and Zusaman (1995) have used 
various types of carriers includes clay, glass and alumina. More recently 
the influence of adsorption on the structure and enzymatic activity of 
proteolytic enzyme adsorped on different sorisents; namely, hydrophilic 
silica, hydrophobic teflon, hydrophobic polystyrene had been grafted. 
These are the model systems selected to investigate the sorbent surfece 
properties such as electrical charge, hydrophobicity and smoothness 
influence, enzyme structure and activity (Nordel and Zoungrana, 1998). 
However, the enzyme binding is highly, dependent on the nature of 
solvent, temperature and pH. The most significant advantage of 
adsorption is that enzyme can easily be immobilized and regenerated. 
1.2.2 Chemical Aggregation 
Enzyme immobilization can be achieved by chemical 
aggregation/insolubilization by covalently connecting a large number of 
enzymes with bifunctional or multifunctional agents (Chang, 1964). These 
reagents are used for the insolubilization of active protein molecule or for 
binding these molecules onto the specific suitable support. This method 
has an advantage that no additional canier or support is added to the 
mass of immobilized material. Among the numerous bifunctional and 
polyfunctional agents available are glutaraldehyde, hexamethylene 
diisocynate and 1,5 - difluoro 2-4 dinitrobenzene are most widely used 
(Goldstein and Manecke, 1976). Bovine serum albumin was used to 
dilute the polymer film fomied as a result of crossslinking on electrode 
surface to reduce the cost of immobilization (Luong et al., 1993). 
1.2.3 Entrapment 
Entrapment involves the capturing of the biocatalyst in a three 
dimensional network of the polymer. In order to entrap an enzyme, either 
a crosslinked polymeric network is fbmied around the enzyme molecule 
or enzyme is mixed with the polymeric material and polymeric chains are 
then crosslinked. Immobilization of enzymes by entrapment in polymeric 
suppori: has been reported by some workers (Lim and Sun, 1980; 
Mattiasson et al., 1983; Petach et al., 1994; Fachsbauer et al., 1996). 
Entrapment technique fall into two main categories; those in which a 
single membrane separates the enzyme solution from the bulk fluid and 
those in which three dimensional gel entrap the enzyme and the 
polymeric chains are then cross linked. The entrapment procedures are 
generally not suitable for enzyme acting on large molecular weight 
substrates. The most commonly used polymeric system is polycrylamide 
gel, although silicon rubber, silica, alginate, starch, fibroin and polyamide 
have been generally used for entrapment of various enzymes. Penicillin 
acylase, immobilized by this procedure has been used in the manufacture 
of 6 - Aminopenicillinic acid (Dinelli et al., 1976). imnfK>bilization of trypsin 
and cart)oxypeptidase was achieved in thermally reversible polymer poly 
(N - Vinyl - caprolactam) with a retention of 80% activity (Mari<vicheva et 
al., 1994). 
The entrapment of glucose oxidase was achieved by 
electropolymerization of pyrrole on a Pt-electrode in a thin amperometric 
cell. This preparation was used for the estimation of glucose. The 
performance of immobilized glucose oxidase sensor was also studied 
in temis of durability and storage life, as well as selectivity against 
electi-oactive species such as ascorbic acid and uric acid as a function of 
the thickness of the polymer film formed (Vidal et al., 1998). In an 
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another study, Lowry et al. (1998) have developed an anfiperometric 
glucose biosensors with immobilizing glucose oxidase on Pt-electrode 
with electropolymerized 0-phenylenediamine. This immobilized enzyme 
preparation was successful in monitoring glucose concentration in brain 
ECF. 
1.2.4 Microencapsulation 
It may be achieved either by interfacial polymerization (a 
chemical process) or by coacervation (a physical phenomenon). This 
method of immobilization is only suitable for enzymes acting on low 
molecular weight substrates. The significance of encapsulation is that 
enzymes remain chemically unmodified and hence usually catalytically 
active. Immobilization of enzymes by entrapment in microcapsules was 
first reported by Chang (1964) and subsequently persued by many other 
workers (Levy et al., 1980; Founlds and Lowe, 1988). The drawbacks of 
this procedure include the requirement of high protein concentration for 
microcapsule formation and occassional inactivation of enzymes. This 
process is not successful for the enzymes acting on macromolecular 
substrates. 
1.2.5 Covalent Immobilization 
Covalent attachment is a most versatile, permanent and stable 
method of enzyme immobilization. A chemical reaction normally takes 
place between an activated species and a less reactive compound. 
However, it is essential that the conditions used for the formation of 
covalent bonds should be sufficiently mild and loss in activity should be 
minimized. Active sites of enzyme must remain free from covalent 
attachment. The water insoluble support may either be organic or 
inorganic polymer. The organic polymer may include, cellulose, collagen, 
chitin, agarose, Sephadex, acrylamide etc. The inorganic polymers are 
silica, alumina and carbon etc. could be used for the insolubilization of 
enzymes. Reusability of both support and enzyme is rarely possible 
(Zaborsky, 1973). 
Most of the conventional methods discussed so far result in 
random association of enzyme with supports leading to preparation 
containing enzyme oriented in a variety of ways, the random 
immobilization procedures inevitably cause some apparent 
denaturation/inactivation of the enzymes. 
The drastic coupling conditions like the generation of free 
radicals, extreme of pH and temperature changes, use of organic 
solvents, steric effect and conformational changes due to multipoint 
attachment to the support are all causes of reduction in enzyme activity. 
An ideal immobilization procedure is that process in which the native 
conformation and active site of the enzyme remain least affected. In order 
to prevent the random immobilization of enzymes. Procedure that utilize 
orientation based methods have been suggested, the oriented 
immobilization involves the affinities of biomolecules and ligands for the 
immobilization of enzymes. These methods are gaining increasing 
acceptance in the construction of sensitive enzyme based analytical 
devices as well as in other applications. Bioaffinity based immobilization 
techniques offer several advantages over the other known conventional 
method of immobilization like, ready reversibility and the possibility of 
reuse of the support, simple and mild conditions required during the 
immobilization process. The principal advantage bioaffinity based 
immobilization is the possibility of immobilizing enzymes in an oriented 
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fashion yielding preparations of high activity and stability. The specific 
affinity pairs those can be exploited for bioaffinity based immobilization of 
enzymes are lectin-carbohydrates/glycoproteins (Ahmad et al., 1973), 
avidln-biotin (Green, 1963) and antigen-antibody (Shoemaker et al., 
1984). Potential of other affinity pairs like cellulose-cellulose binding 
domain bearing enzymes and immobilized metal ion surface histidine 
bearing enzymes have also been recognized (Langsford et al., 1984; 
Arnold, 1991). Ability to bind to appropriate ligands can be conferred on 
enzymes, that lack affinity for the other ligands, by linking them to 
polypeptide that exhibit high affinity. Such chimeric enzymes may be 
affinity bound on support bearing suitable ligands (Baneyx et al., 1990). 
Among the numerous bioaffinity procedures of glycoenzymes 
immobilization, those based on lectins and antibodies interactions are 
most popular. The work on the immobilization of glycoenzymes using 
lectin and antibody supports have already been reviewed (Saleemuddin 
and Husain, 1991; Saleemuddin, 1999). Glycoenzymes are recalcitrant to 
immobilization procedures involving covalent coupling to solid supports, 
can be immobilized in high yields by binding to supports through 
carbohydrate chains. The enzyme immobilized through carbohydrate 
moiety retain very high enzyme activity and stability (Husain & 
Saleemuddin, 1989; Husain etal., 1992). 
1.3 GLYCOENZYMES 
Glycoproteins are ubiquitous component of most of the living 
organisms with possible exception of bacteria, to date only archaebacteria 
having glycosylated protein (Sumper, 1987). These proteins are 
glycosylated to varying extent. Several molds and other enzymes being 
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currently used in industry and analysis; including glucose oxidase, 
invertase, peroxidase, glucoamylase, cellulase, cellobiase and ^-
galactosidase are glycosylated. The carbohydrate content of 
glycoproteins may vary from 1-60% (w/w) of the total mass of the 
molecule (Lis and Sharon, 1993). Glycoproteins like yeast invertase, acid 
phosphatase, a-galactosidase, phospholipase B contains about 50% 
(w/w) of their masses as carbohydrate (Tanner and Lehle, 1987). 
Aspergillus niger glucose oxidase is nearly 16% glycosylated (Hayashi 
and Nakamura, 1981). 
Biological diversity derives from the fact that proteins are 
primary gene products whereas the glycans are secondary gene 
products. Glycosylation is determined by the structure of the protein 
backbone and carbohydrate attachment site and is also species and cell-
specific. This means that the polypeptide encodes information that directs 
its own pattern of glycosylation and is dependent on the cell or tissue in 
which it is produced. Glycosyl moiety of enzyme usually do not appear to 
be involved in catalytic activity (Smith and Ballou, 1974; Lis and Sharon, 
1993). However, carbohydrate residues seem to enhance the renaturation 
efficiency of enzyme and stabilize its activity under the variety of 
conditions (Chu et al., 1978). Glycosyl residues of enzymes facilitate the 
subunit interaction and formation of active oligomer, i.e; mostly octamer, 
hexamer and tetramer and the enzyme dissociate into dimers on 
deglycosylation. Brown et al. (1979) showed that carbohydrate residue 
increases resistance to polypeptide backbone against proteolysis. 
Chemical glycosylation of chymotrypsin seemed to modify the activity 
through a change in the structure of enzyme (Jiang et al., 1999). 
Glycosylation is the most diverse process and the origin for this diversity 
may be chemical as well as biological. The chemical diversification results 
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from the ability of monosaccliarides to combine with each other in a 
variety of ways that differ not only in the sequence and chain length but 
also In anomers (a or 3) position of linkage and branching point. Further 
the structural diversification occur by covalent attachment of phosphate 
and sulphate groups. All the glycosyl residues share an identical 
backbone but are dissimilar either in the structure or in the position of their 
carbohydrate units or in both. In brief glycosylation of the polypeptide 
usually generate a set of glycoforms (Lis and Sharon, 1993). Tamura 
(1982) used the antibiotic tunicamycin which has revealed the 
physiochemical functions of the carbohydrate moieties of several 
glycoproteins and is also involved in cellular recognition. More than one 
carbohydrate unit is often present in glycoproteins which is attached at 
various positions by different types of linkages. This creates numerous 
subsets and results in the microheterogeneity of a glycoprotein, which 
may in turn lead to functional diversity (Rademacher et al., 1988). 
Two major types of sugar chain linkages are found in 
glycoproteins. 
(i) N-Linked or asparagine linked sugar chains, 
(ii) 0-Linked or mucin type, no definite amino acid sequence is found. 
Rosenthal and Nordin (1975) have shown that some 
glycoproteins do not fall in either of these two sugar chains but their 
distribution is very limited. The exact role of glycosyl residues of 
glycoproteins is far most part unclear. In several cases, the role of 
glycosyl residues of many enzymes on activity, stability against 
proteolysis and thermal denaturation have been established (Hu and 
Huystee, 1989; Goochee et al., 1992; Lis and Sharon, 1993). The 
carbohydrate moiety facilitates the correct refolding of the unfolded 
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enzymes, suggesting that carbohydrate chain may direct the folding of the 
nascent polypeptide chain. Role of high mannose oligosaccharide chain in 
folding and assembly of soyabean lectin polypeptide has already 
established (Nagai and Yamaguchi, 1993). Various functions of glycosyl 
residues of glycoproteins have been reported by several investigators 
(Howard et al., 1991; Goochee et al., 1992). Glycosyl residues facilitates 
stabilization of tertiary structure of proteins (Olden et al., 1985; West, 
1986; Gumming, 1991). Protection against proteolytic degradation 
(Olden et al., 1985; Paulson, 1889), transport and organization of 
macromolecules in oligomeric forms (Eyiar, 1965; Morgan et al., 1970). 
Sasvari and Asboth (1998) have demonstrated the presence of 
sugar residues not only confers the stability to the protein but offers a way 
to crosslink molecules. Glucoamylase covalently linked with their glycosyl 
groups via adipic acid dihydrazide increases the enzyme resistance 
against denaturation induce by extreme conditions of pH, temperature, 
urea and proteolysis. Frederick et al. (1978) described the removal of 
carbohydrate residues from the variety of glycoproteins, such as 
invertase, ribonuclease, carboxypeptidase Y, penicillin nuclease pi and 
deoxyribonuclease, has no apparent effect on enzyme activity and CD-
spectra. These reports suggest that carbohydrate moiety do not 
participate in catalytic activity of most of the glycoenzymes (Tarentino et 
al., 1974; Trimble and Maley, 1977). 
The removal of the carbohydrate from the a-L fucosidase neither 
affects its catalytic activity nor its Km. Cariaohydrate removal, however, 
decreases enzymatic activity at acidic pH and causes a neutral shift in 
pH-optimum and also reduces thermostability (Piesecki and Alhadeff, 
1992). 
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1.4 IMMUNOGENICITY OF GLYCOSYLS 
Feizi and Childs (1990) have challenged the assumption that the 
specificities of the antibodies raised against cell bound as well as free 
glycoproteins are directed towards protein moiety. The oligosaccharide 
antigenic determinant may form the basis of antigenic crossreaction 
among glycoproteins that are distinct both at the level of structure and 
function of the polypeptide. The occurrence of the monoclonal 
autoantibodies and use of the hybridoma derived antibodies, has led to an 
increased awareness about the role of carbohydrate as antigenic 
determinants of glycoprotein (Hakamori, 1985; Feizi, 1985). 
Many glycolipids and glycoproteins of normal neoplastic cells 
have oligosaccharides antigenic determinants. Glycosylation of proteins 
can increase the tendency of immunogenecity as the potential function of 
glycosyl moiety. It also includes aggregation of protein and stabilization of 
its tertiary structure (Olden et al., 1985; Paulson, 1989). The 
Oligosaccharide attached to an immunogenic protein injected into animal 
elicited production of antibodies against oligosaccharide (Zopf et al., 
1978). Moore and Lampert (1980) have reported that aggregated protein 
of human growth hormone, when injected into an experimental animal 
resulted into increased immunogenecity. Some workers described the 
increasing immunogenecity of aggregated muscles, creatine kinase and 
cytochrome C. The antibodies raised against aggregataed proteins 
recognizing the unaggregated native protein with similar specificity and 
affinity (Reichlin et al., 1970; Man et al., 1989). 
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1.5 CONCANAVALIN A (Con A) 
It is a globular non glycosylated oligomerlc protein composed of 
identical subunits 25,500 M.W. arranged in dimeric, tetrameric and higher 
order forms (Agarwal and Goldstein, 1965; 67). Con A exists as tetrameric 
protein above pH 7.0 and dissociate into dimers below pH 6.0. Each 
monomaer has sites for binding of a transitition metal-ion and a calcium 
ion in addition to the saccharide binding sites (Goldstein, 1988). Con A is 
specific towards a-mannopyronoside, glucopyranoside and N-acetyl-D-
glucosamine (Goldstein and So, 1965). Ogata et al. (1975) described that 
high mannose type of sugar chains bind more strongly than those of 
complex type. 
Con A retains its affinity for carbohydrates between pH 5.0- pH 
9.0, making it suitable for the immobilization of enzymes acting over a 
wide pH-range. In a recent study it has, however, been demonstrated that 
inspite of the comparable affinities of the tetrameric/dimeric forms for 
simple carbohydrate ligands, the affinity towards more complex 
oligosaccharides is considerably higher in case of the tetrameric Con A 
(Mandal et al., 1993). This suggests that the supports may be relatively 
more effective for the immobilization of glycoenzymes acting optimally 
above pH 7.0. 
1.5.1 Immobilization of Glycoenzymes Using Con A 
The most prominent approach for the immobilization of 
glycoenzymes is the covalent coupling of glycoprotein to the insoluble 
matrix. Covalent coupling of glycoenzymes and glycoproteins with the 
support is, however, manifest with some problems. The carbohydrate ' 
spines are believed to project from the surface of the glycoproteins and 
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results in the shielding of reactive amino acid side chains (Hsiao and 
Royer, 1979). Very little success was achieved when carboxypeptidase Y 
was covalently coupled on hexamethylene diamine agarose via 
carbohydrate because it resulted into the loss of enzyme activity (Hsiao 
and Royer, 1979). Khare and Gupta (1988b) have also reported some 
apparent loss/inactivation of p-galactosidase activity as a result of 
covalent immobilization. In a more recent study, glucose oxidase was 
covalently immobilized on electroactive polyalinine film grafted with acrylic 
acid polymer via amide bond formation between glucose oxidase and 
support. This immobilized preparation exhibited maximum loss in enzyme 
activity (Li etal., 1998). 
In order to avoid the inactivation of glycoenzymes during 
immobilization, some efforts have been made to immobilize 
glycoenzymes through their carbohydrate side chains (Husain et al., 
1985). Enzymes immobilized via directly coupling with their glycosyl 
moieties exhibited low immobilization yield (Jafri and Saleemuddin, 1997). 
An alternative high yield procedure for the immobilization of 
glycoenzymes on lectin support has been developed, which prevents the 
inactivation of enzyme caused by directly coupling the glycoenzymes on 
the matrix. These methods afford high retention of enzyme activity 
(Husain et al., 1985; Husain and Saleemuddin, 1986). Most plausible 
approach of Con A has been shown to bind very strongly to copper II 
iminodiacetate function at various supports due to the presence of six 
histidine residues in each subunit (EL-Rassi et al., 1988). Several 
glycoenzymes bound to Con A support also exhibited enhanced 
resistance to various forms of denaturation. Immobilization of 
glycoenzymes on Con A support has generally been achieved by specific 
adsorption and/or covalent binding (Saleemuddin and Husain, 1991). 
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Almond p-glucosidase immobilized on Con A-Sepharose showed 
impressive gain in resistance to inactivation inducesd by heat, chemical 
denaturation, proteolysis, storage and increased Vmax (Montero and 
Romens, 1993). In recent years, numerous attempts have been made to 
immobilize glycoenzymes on Con A supports to obtain high yield and 
stable preparation. Invertase adsorbed biospecifically on Con A-cellulose 
exhibited remarkable higher stability against heat (Docolomansky et al., 
1994). 
Kinetics of invertase immobilized on Con A coupled to 
chlorotriazine activated cellulose was studied by using a thermistor. Over 
94% elution of enzyme with a-methyl mannoside was obtained when Con 
A concentration was less than 1.5mg per ml gel (Mislovicova et al., 1995). 
Recently, Konecke et al. (1996) described the fluoride sensitive field effect 
transistor (Si|Sio2|Si304|LaF3 layers) based on biosensor with Con A 
immobilized on basic membrane for continuous measurement of glucose 
concentration. 
Mattiasson and Bon^ebaeck (1978) used Lens culinaris lectin for 
the immobilization of glucose oxidase and peroxidase, which has Con A 
like sugar specificity but 50 times less affinity. These glycoenzyme 
complexes were effectively used in a thermistor for facilitating ready 
elution of glucose oxidase. Several other lectins, like cajanus cajan and 
Ricinus communis were also used as an affinity adsorbents for 
glycoenzymes. These lectins bound enzymes exhibited very high 
stabilization against thermal denaturation (Kakufuta et al., 1988; Siddiqui 
et al., 1995). Immobilization of glycoenzymes by covalent coupling to solid 
supports manifest with some difficulties due to the shielding of amino acid 
side chains by glycosyl residues. However, the matrices precoupled with 
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Con A are highly effective for the immobilization of several glycoenzymes 
(Mattiasson and Borrebaeck, 1978). Selective binding of glycoenzyme 
onto Con A support results in the limited binding of enzymes, which has 
necessitated alternative strategies for immobilization/stabilization of 
glycozymes and non - glycoenzymes, through their amino acid residues 
as well as via carbohydrate moiety by using non - inhibitory antienzyme 
antobodies has been prefered for this purpose. 
1.6 IMMOBILIZATION OF ENZYME USING IMMUNO-
AFFINITY SUPPORT 
Procedures those utilize the affinities of biomolecules and 
ligands for the immobilization of enzymes are gaining renriarkable 
attention especially for analytical applications. Among the numerous 
applications of biospecific adsorption/immunoadsorption is one of the 
most exciting and its potential in enzyme purification has been well 
recognized. Antibodies are routinely utilized as analytical reagent in 
clinical and research laboratories. It has some common applications, i.e; 
immunoassay (Yellow, 1992, Postman et al., 1992) and immunosensors 
(Morgan et al., 1996). Specific antibody can be raised against any 
enzyme in suitable experimental animals and these can be employed for 
the immobilization of enzymes on suitable supports (Ehle and Horn, 
1990). Immobilized antibody support has been used to immobilize the 
glucose and this preparation can be employed for the determination of 
substrates (de Alwis and Wilson, 1987) in immunoreactors (de Alwis and 
Wilson, 1985, Lee and Meyerhoff, 1990). 
Some ingenious techniques have been adopted for the 
immobilization of enzymes with the help of antibodies. The simplest 
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among them is the immunoaffmity based immobilization. In this 
procedure, the formation of enzyme-antibody complex neither requires 
pure antibody nor pure enzyme. Burnett and Schimdt (1921) 
demonstrated for the first time that insoluble immunocomplex of catalase 
and anticatalase antibodies retained complete catalase activity. These 
results were subsequently persued by other workers also (Tria, 1939; 
Campbell and Fourt, 1939; Okada et al., 1963; Suzuki et al., 1969). 
Feinstein et al. (1971) demonstrated that catalase- anticatalase complex 
retained full activity and exhibited improved stability against thermal 
denaturation and alkaline pH. 
Michaeli et al. (1969) described the retention of complete 
enzyme activity when acetyl choline estrase complexed with specific 
antibodies and complex showed no alteration in Km for its substrate. The 
native acetycholineestrase lost its activity upon heating at 60°C within five 
minutes, while the enzyme complexed with antibody exhibited remarkable 
stability at this temperature upto 90 min. Sato and Walton (1983) reported 
the improved immobilization/ stabilization of glucono lactone hydrolase by 
using polyclonal antibodies raised in guinea pigs. Several reports 
described the high retention of catalytic activity and remarkable 
stabilization by enzyme-antibody complexes against various forms of 
denaturation ( Shami et al., 1989; Shami et al., 1991; Jaft-i et al., 1993). 
Ehle and Horn (1990) and Desai (1990) reviewed 
comprehensively the work in this area including the choice of antibodies 
in the preparation of immunoadsorbents and optimal conditions for 
binding and elution of enzyme from support. The method exists for the 
fractionation of polyclonal antibodies recognizing different epitopes of a 
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single antigen or those differing in affinity for a single epitope has also 
been described (Sada et al., 1988; Suzuki et al., 1990). 
In recent years a considerable number of immuno-adsorbents 
have been prepared by using monoclonal and polyclonal antibodies and 
these could successfully be employed for enzyme immobilization. The 
relative merits of the enzymes immobilized on several non-inhibitory 
antibody supports are listed (Table 2). It was observed that binding of 
enzymes on immunoadsorbents prepared using polyclonal antibodies is 
relatively strong and their dissociation was more difficult due to binding of 
antigen to more than one kind of antibody (Hansan and Beavo, 1982; 
Ernest-CartDera and Wilchek, 1988). The polyclonal antibody recognizing 
more than one epitope of the enzyme may fix the native enzyme more 
strongly and hence confer greater stability against various forms of 
denaturation (Shami et al., 1989; Jafri et al., 1993). Monoclonal 
antibodies may have shorter half life as compared to polyclonals. Some 
monoclonal antibodies assist the refolding of antigen (Coding, 1985; 
Carisson and Yarmush, 1992, Solomon and Sehwartz, 1995) and also 
inhibit the enzyme aggregation (Katzav et al., 1996). 
Some workers have demonstrated that the dissociation 
constant of antigen-antibody complexes may vary between 10'^-10"^^ 
mol. dm^ (Capra and Edmundson, 1977; de Alwis and Wilson, 1989) 
Antibodies of intermediate avidities are considered optimal for preparative 
affinity chromatography in order to ensure adequate binding specificity 
and good recovery of the bound enzyme/protein antigen (Vokley and 
Harris, 1984; Folkerson et al., 1985) and those in the range of 10"^  to 10'^ ° 
mol dm"^  are taken as particulariy useful for the purification of enzymes 
(Desai, 1990). Antibodies with relatively higher affinities may be more 
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suitable for immobilization of enzymes, as in case of immunodiagnostic 
analysis where essentially in-eversible binding is required. 
Several reports describing fractionation of the polyclonal 
antibodies based on their affinity towards the antigenic determinants are 
also available (Stankus and Leslie, 1976; Tan-Wilson et a!., 1978; Sada et 
al., 1988). Some attempts have also been made to obtain polyclonal 
antibodies of desired affinity from the sera of immunized animals. For 
instance, polyclonal antibodies derived from rabbits until 20 weeks of 
priming were shown to be of low or intermediate affinity as compared to 
those obtained after longer duration (Kristiansen, 1978; Kohno et al., 
1986). 
Enomoto et al. (1994) have described the interaction between 
enzyme and antibodies obtained from primary response, the binding of 
enzyme with these antibodies was more sensitive to pH and ionic strength 
alterations as compared to the antibodies used from secondary response. 
It evidently indicated that the binding of enzyme was different with both 
types of antibodies. 
In addition to the primary antibodies several investigators have also 
utilized secondary antibodies for immunoaffmity based enzyme 
immobilization, de Alwis and Wilson (1987) has developed two strategies 
for the immobilization of glucose oxidase based on immunoaffinity 
procedures to use In a flow injection analysis system. The first of these 
methods involved immobilization of human IgG on activated controlled 
pore glass followed by the binding of enzyme. Alternatively a monoclonal 
antiglucose oxidase antibody immobilized on the support precoupled with 
F(ab)2' fragment of antimouse IgG was used as an immunoadsorbent for 
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the immobilization of glucose oxidase. The anti IgG-glucose oxidase 
conjugate used in the first procedure comprised of a mixture of those in 
which a single enzyme molecule was linked to one, two and three IgGs 
(de Alwis and Wilson, 1985). Their binding onto the IgG support was 
apparently multipoint and gave a more stable immobilized preparation. On 
the other hand, the second approach employed a more versatile support 
capable of binding IgG. Thus both types of bioreactors were reproducible 
and could effectively be used for the measurement of glucose 
concentration in diluted sera. 
Heterogeneity of the polyclonal antibody population is, however, 
more of a rule then exception which may sometime lead to a problem in 
their use. While methods exist for the fractionation of the polyclonal 
antibodies recognizing different epitopes of a single antigen or those of 
differing in affinity for a single epitope (Suzuki et al., 1969; Sada et al., 
1988). For most enzyme immobilization applications, however, 
heterogeneity of the antibody population may not cause any serious 
problem provided they do not comprise of inhibitory or labilizing 
antibodies. Formation of active site recognizing and hence inhibitory 
antibodies is quite likely if an animal is immunized with native enzyme 
(Cinder, 1967; Amon, 1973; Solomon et al., 1984). The problem of 
inhibitory antibodies can be conveniently overcome by selecting the 
appropriate hybridoma clone. 
Although few reports describing the non-inhibitory nature of the 
antisera raised against enzymes are also available (Zyk and Citri, 1968; 
Melchers and Messer, 1970; Ben-Yusef et al., 1975; Shami et al., 1991). 
In addition to this handling of large volumes of antisera may be 
problematic especially if the required antibody constitutes only a minor 
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fraction of the total antibody population. Fusek et al. (1988) has 
developed an ingenious technique to produce non active site directed 
antibodies by mapping the active site of chymotrypsin with diisopropyl 
phosphofloridate and pigs were immunised with the modified 
chymotrypsin yielded non active site directed antibodies. The non-
inhibitory antibodies were purified from the sera of immunized animals 
with chymotrypsin coupled to Sepharose via its active site. Stovikova et 
al. (1991) obtained non-inhibitory antitrypsin antisera in pigs by 
immunizing them with trypsin complexed with its specific inhibitor 
antilysin. 
The IgG fraction isolated from the sera of the immunized 
animals on coupling to Sepharose support yielded an immunoadsorbent 
that immobilized trypsin without decreasing its catalytic activity. More 
recently in the authors laboratory Khati.^ I<|i>al. (2000) have raised the 
non-inhibitory antibodies against active site modified papain in rabbits and 
these antibodies were successfully puhfied by using papain-Sepharose 
affinity media. Papain-IgG complex was highly stable against various 
forms of inactivation. A number of studies have successfully utilized 
unfractionated polyclonal antibodies in instances where as the antisera 
were not inhibitory. These include work on glucose oxidase (de Alwis and 
Wilson, 1987), urease, NAD, glycohydrolase (Agnellini et al., 1992) and 
invertase (Jafri and Saleemuddin, 1997). 
However, a number of studies describe the use of monoclonal 
antibodies in the enzyme immobilization. Ikura et al. (1984) immobilized 
the transglutaminase on the matrix pre-coupled with specific antibodies 
and obtained preparation showed improved thermal stability, de Alwis and 
Wilson (1989) have immobilized glucose oxidase by using F(ab)2' 
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fragment and monoclonal antiglucose oxidase antibodies, and these 
preparations were used in the continuous flow glucose analyzing system. 
A specific antibodies immobilized on Eupergit C column or protein A were 
then used for the immobilization of carboxypeptidase A (Solomon et al., 
1987). 
More recently Licher et al. (1998) developed a new method for 
the immobilization of peroxidase which is based on enzymatic single step 
in situ antigen synthesis of hapten carrier conjugate on electrodes. The 
preparation was highly stable, reproducible and reusable in organic phase 
immunoelectrodes (OPIES). OPIES showed high stability upon storage 
over 93 days and the response time of 175 days were found to be 
advantageous as compared to those of other biosensors, OPIES could 
also be applied for calibration and takes only 30 min for immunochemical 
reactions. 
An alternative strategy of favourable orientation of antibodies 
also appear possible on immobilized metal ion supports. Hale and Beidler 
(1994) observed that an innate histidine rich sequence in the Fc region of 
heavy chain of antibody binds strongly to the Co '^^ lDA resin. Thus, 
antibodies bound on the supports are oriented with their combining site 
directed away from the matrix and facilitate maximum antigen binding 
(Hale, 1995). 
Anspach and Haase (1994) reported the immobilization of 
Penicillin G amido hydrolase from E.coli on immobilized metal chelate 
supports. A number of other proteins and enzymes are known to bind 
strongly to metal chelate supports including ribonuclease A and lysozyme 
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(EL-Rassi et al., 1988). Chaga (1994) has demonstrated the 
immobilization of modified glucose oxidase and peroxidase with histidine 
residue via their carbohydrate moieties, it could be then immobilized as 
regenerable metal ion carriers. Beatriz et al. (1994) discussed the 
potential use of P-galactosidase immobilized on metal chelated gels and 
considered it as a novel immobilization procedure. The enzyme 
immobilized on Ni^ * derivatives were more stable at high temperatures 
and on storage than the Cu^* derivatives. Temperature stability of the 
immobilized enzyme was improved mari<edly by adding a strong metal-
chelating gel such as the cartDoxymethylated tetraethylene pentamine 
agarose. The gels could be reused and reloaded after elution with 
chelator. Purification of p-galactosidase using metal chelate 
chromatography was also described. Some convenient procedures are 
also available for immobilizing the glycoproteins or glycoenzymes by 
raising antibodies against glycosyl residues of the proteins. Glycosyl 
recognizing polyclonal antibodies were found to be non-inhibitory towards 
enzyme activity and effective in enzyme immobilization as compared to 
polypeptide recognizing domain (Jafri et al., 1995; Jafri and Saleemuddin, 
1997). However, strategies were already designed to raise polyclonal 
antibodies directed against glycosyl groups of glycoproteins and 
glycoenzymes (Zopf et al., 1978; Feizi and Childs, 1990; Jafri et al., 
1995). Some recent studies involve the antibodies raised against 
oligosaccharides by preparing neoglycoprotein comprising of 
oligosaccharide residues of enzyme and polypeptide region of a simple 
protein like BSA. Animals injected with neoglycoprotein responded with 
antibodies showing affinity for glycosyl residue of enzyme, are retained in 
the affinity column of suitable support (Jafri and Saleemuddin, 1997). 
Chaotropic agents or change in pH results in the elution of specific 
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antibodies (Jafri and Saleemuddin, 1997; Farooqui et a!., 1999). The 
glycoenzyme immobilized on antiglycosyl polyclonal antibodies coupled 
onto Sepharose matrix exhibited very high activity, thermal stability and 
broadening in pH-activity profile (Jafri and Saleemuddin,1997). Several 
workers have reported that glycosyl recognizing antiinvertase antibodies 
were non-inhibitory and yielded superior immobilized enzyme 
preparations as compared to those recognizing the polypeptide domains 
(Jafri et al., 1995; Jafri and Saleemuddin, 1997). 
de Alwis and Wilson (1987) reported the use of F(ab)2' 
fragments instead of intact antibody for the immobilization of proteins and 
enzymes. Immobilization of enzyme using intact antibody via its Fc side 
chain amino groups involve the risk of modifying or blocking the antibody 
binding site, coupling of F(ab)2' fragment through the hinge region thiol 
groups on supports activated with 2,2,2 trifluoroethane sulphonyl chloride 
(de Alwis and Wilson, 1987; Prisyazhnoy et al., 1988). Preferential and 
predominant coupling occurs through the thiol groups, suggests the large 
number of non-covalent interactions are also involved when the influenza 
virus 
1.7 IMMOBILIZATION OF ENZYMES BY MULTILAYER 
FORMATION 
A layer by layer assembly of large amount of enzyme on the 
support is one of the simple strategic procedure to obtain high yield and 
highly stable immobilized enzyme preparation. In a most recent study, 
Rao et al. (1999) have developed a new technique for the high yield 
immobilization of peroxidase on polystyrene beads by making the 
alternative layers of avidin and biotin-coupled with enzyme. This 
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immobilized preparation exhibits very high retention of enzyme activity on 
the matrix and very less inhibition caused by substrate. In an another 
stud^ Farooqui et al. (1999) described a convenient procedure for the 
high yield immobilization of enzymes based on immunoaffinity layering by 
using directly raised antiglucose oxidase IgG bound to the Sepharose 
matrix. The preparation was thus highly active and the immobilized yield 
could be raised about 25 times after the formation of six desired affinity 
layers. The immunoaffinity layered preparation of glucose oxidase and 
horse radish peroxidase exhibited good retention of enzyme activity and 
improved resistance to heat induced inactivation and sensitivity in a flow 
injection analysis system for measuring glucose and H2O2 (Farooqui et 
al., 1999). 
Bourdillon et al. (1994) immobilized glucose oxidase on a glassy 
carbon electrode by putting an alternative layers of enzyme and 
monoclonal antiglucose oxidase antibodies. Thus obtained enzyme films 
showed no substrate diffusional limitations and increase in activity with 
layering. The sensor reportedly lost 10% activity over a period of 20 days. 
1.8 ENZYMES USED IN THE STUDY 
1.8.1 Glucose Oxidase: Aspergillus niger glucose oxidase is a 
glycoprotein having a molecular weight of 150-180 Kd, (P-D-glucose-
oxygen-1-oxidoreductase, E.G.1.1.3.4). It contains two moles of FAD per 
molecule and 10-16% carbohydrate of which galactose, mannose and 
galactosamine forms the major portion (Hayashi and Nakamura, 1981). 
Several reports on storage stability of immobilized glucose oxidase and its 
number of actual and potential applications are available; these include 
monitoring and regulating blood glucose level in diabetic patients 
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(Albisser, 1982; Sriyudhsak et al., 1996), food processing, desugarring of 
eggs in egg solid production (Greenfield et al., 1975) and deoxygenation 
of liquid food stuffs (Altimore, 1974). 
In view of wide applicability of glucose oxidase in industry, 
analysis and medicine, its immobilization has been preferred. Some of the 
immobilized preparations showed very high improvements in stability as 
compared to the native enzyme (Braun et al., 1969; Rao et al., 1981). 
Glucose oxidase based on FIA system was used for monitoring glucose 
during fermentation process (Gam et al., 1989). 
Glucose oxidase was covalently linked to poly (2-
hydroxyethylene methyl acrylate) membrane via epichlorohydrin, showed 
increase in Km and pH-optimum without any change in temperature (Arica 
and Hasirci, 1993). Li et al. (1998) reported the covalent immobilization of 
glucose oxidase on surface of polyaniline film graft copolymerized with 
acrylic acid, however, this preparation exhibits significantly high stability 
against thermal inactivation, improved storage stability and broadening in 
pH-activity profile. On the other hand this immobilized enzyme showed 
decrease in activity due to accessibility of glucose molecules to the active 
site of the enzyme and some conformational changes also takes place as 
a result of covalent immobilization. Bioelectrode based different enzymes, 
exhibited an enhanced resistance to thermal denaturation. The 
rhodium/glucose oxidase containing carbon paste electrodes found to 
offer a remarkable stability when incubated for a period of four mons at 
60°C and results into a loss of only 15% enzyme activity (Liu and Wang, 
1999). 
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More recently new activation method for the immobilization of 
glucose oxidase has been developed for surface acoustic wave devices 
(SAW) biosensor by pretreatment of polyimide surface with cyanogen 
bromide by using the established cyano transfer technique and a 
subsequent covalent attachment of antiglucose oxidase antibodies on a 
very sensitive SAW immunosensor was obtained (Wessa et al., 1999). 
Amperometric glucose biosensors based on immobilized glucose oxidase 
on Pt-electrodes with electropolymerized 0-phenylenediamine were 
implanted in the right striatum of freely moving rats for analyzing brain 
extracellular glucose (Lowry et al., 1998). 
Guerrieri et al. (1998) described a glucose amperometric 
biosensor based on immobilized glucose oxidase onto an overoxidized 
polypyrrole (PPYOX) platinum modified electrode, by glutaraldehyde co-
crosslinking with bovine serum albumin. The sensor showed an apparent 
Km constant of 16V0.8 mM and a shelf life of atleast 3 mons. 
Immobilization of glucose oxidase in Nafion membrane was carried out 
from water-organic solvent mixtures with a high content of organic 
solvent. The mediator based reagentless glucose electrode was tested in 
a flow injection system, the response towards glucose addition was 
stable, the reproducibility during 50 assays exceed 95%, the response 
was linear over a glucose concentration range of 0.5 to 50 mM 
(Luckachova et al., 1998). 
More recently Farooqui et al. (1999) described a general 
procedure for the high yield immobilization of glucose oxidase by 
immunoaffmity layering of glucose oxidase with the help of specific 
antienzyme antibodies. The immunoaffmity layered preparation thus was 
highly active, and exhibited improved resistance to heat induced 
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Inactivation. The obtained preparation showed high sensitivity in a flow 
injection analysis system for measuring glucose concentration. More 
recently Igor et al. (1999) developed a popular model using smart 
polymers Ipoly (N,N-dimethyl amino) ethyl methacrylate-Co-
ethylacrylamide] for the immobilization of glucose oxidase, bovine serum 
albumin and insulin. The development of such glucose-sensitive insulin 
releasing system was a long standing challenge to the biomedical 
engineers for the purpose of diabetic therapy. Exposure to glucose 
resulted in the oxidation of glucose to gluconic acid and thus a decrease 
in pH, protonation and swelling of the polymer accompanied by insulin 
release. The insulin release stopped within 10 min of glucose removal and 
could be restimulated by glucose addition (Yuk et al., 1997). 
1.8.2 p-Galactosidase 
^-Galactosidase are ubiquitously present in plants, animals and 
microbial organisms. Aspergillus onfzae p-galactosidase (E.G. 3.2.1.23) 
have a molecular weight 90 Kd and it is a glycosylated protein. The 
enzyme hydrolyzes substrates such as lactose and O-nitrcphenyl p-D-
galactoside (ONPG) between temperature 50-65 °C. In general fungal 
lactases have pH-optima in the range of 2.5 to 4.5 whereas yeast and 
bacterial lactases have almost neutral pH 6.0 to 7.5. Thus fungal p-
galactosidases are used for hydrolysis of lactose in acid whey. The 
enzyme from Aspergillus niger is more strongly inhibited by galactose 
than that from Aspergillus oryzae. Some of the new products such as low 
lactose yoghurt, sweetened yoghurt, low lactose concentration for ice-
cream, lactose processing for acid whey and sweet whey, food syrup and 
sweetener and cheese have been prepared by using p-galactosidase. 
These products have a good market as they are undesirable for the 
33 
persons, having deficiency in intestinal lactase, suffering from lactose, 
malabsorption as well as impairment of normal digestive process. Hence, 
the process of lactose hydrolysis must be economically feasible. ^-
galactosidase preparations of Aspergillus niger and Aspergillus oryzae 
are considered to be safe because these sources have been already 
tested exhaustively and are having history of safe use in food industry. 
The problem of using soluble enzyme can be solved by using 
immobilized p-galactosidase to avoid loss of unreacted free enzyme 
during hydrolysis. To obtain stable and reusable enzyme preparations of 
3-galactosidase, its immobilization in a number of ways has been made. 
The early work on immobilized enzymes reported the attachment of p-
galactosidase onto chloroamino-S-triazinyl derivative of DEAE-Cellulose 
paper (Kay et al., 1968). Morisi et al. (1973) demonstrated comparative 
study of free and entrapped P-galactosidase from E.coli and yeast, p-
galactosidase entrapped into cellulose acetate shows no shift in optimum 
pH. Coughlin et al. (1980) used porous glass support for immobilization of 
P-galactosidase from Aspergillus niger by using glutaraldehyde and the 
binding efficiency on the matrix was reported as 50%. The immobilized 
enzyme converts 70-85% substrate into products. 
Bastalova et al. (1987) reported immobilization of fungal p-
galactosidase on a PVA gel formed in the pores of cotton material. The 
optimum temperature for free and immobilized enzymes was reported to 
be 60°C and 50°C, respectively. The thermal stability of the immobilized 
p-galactosidase was observed to be higher as compared to the soluble 
enzymes and Km values for free and immobilized enzymes were reported 
to be 1.9 mM and 2.8 mM, respectively. The immobilized system was 
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further used for lactose hydrolysis. The degree of lactose conversion was 
decreased to 50% after 30 repeated cycles. 
Mozaffar et al. (1986) employed a Merkigel column for the 
immobilization of p-galactosidase for continuous production of 
oligosaccharides, p-galactosidase has been stabilized in presence of 
specific antienzyme antibody (Melchers and Messers, 1970). A pH stable 
immobilized P-galactosidase was obtained by entrapping the enzyme into 
polyacrylamide gel lattice (Makkar et al., 1981). p-galactosidase 
immobilized on porous glass retained nearly 75% of the original activity 
and the preparation was quite stable on storage at 4°C for 2 mons 
(Woychik and Wondolowski, 1972). 
Development of FIA system for accurate and rapid detection of 
lactose by using covalently immobilized P-galactosidase on 2-fluro-1-
methyl pyridinium salt-activated support has been described Narinesingh 
et al. (1991). Piesecki et al. (1992) demonstrated the potential of p-
galactosidase bound to metal chelate adsorbent in the organic chemistry. 
The obtained immobilized preparation was efficiently working in various 
organic solvents. Heng et al. (1994) reported the immobilization of 
enzyme fused with additional charged peptides onto Ion exchange 
membranes. The immobilized enzyme was hydrolyzing lactose more 
efficiently. More recently the p-gaiactosidase was immobilized on metal 
chelating substituted gels, like Cu^* imidoacetate (IDA), Cu^*trls (carboxy-
methyl) ethyldiamine-TED, NI^ I^DA and Fe^ l^DA. These gels adsorbed 
the protein so strongly that it can be considered as tme immobilization. 
The gels could be reused and reloaded after elution with chelator and 
exhibited high stability against temperature and storage (Beatriz et al., 
1994). 
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OBJECTIVE OF THE PRESENT WORK 
It is now well recognized that enzymes may be employed in 
large number of industrial, biomedical and analytical applications. In view 
of the significance of enzymes, it is necessary to develop stable and 
reusable enzyme preparations, those can be efficiently used in biosensors 
and bioreactors. The soluble enzymes have their limited use due to their 
stability and reusability. Immunoaffinity based immobilization of enzymes 
has been offered due to Its specific binding of enzyme in high yields and 
the obtained preparations are considered highly stable against several 
forms of inactivation. In this study an effort has been made to prepare 
high yield immobilized preparations of glucose oxidase which can exhibit 
significantly very high stability against various forms of chemical and 
physical denaturants. These preparations must be used in various 
applications with high reusability and reversibility of the system. 
The study involves the use of immunoaffinity based methods of 
enzyme immobilization by constructing the alternate layers of IgG and 
enzyme or F(ab)2' and enzyme on IgG coupled Co^*IDA-Sepharose. The 
layering experiments on Sepharose 4B have also been performed by 
using antibodies raised against the giycosyl moieties of the glucose 
oxidase. Some studies have been carried out to compare the properties 
and stabilities of the complexes of glucose oxidase and p-galactosidase 
obtained using polyclonal antibodies, giycosyl specific polyclonal 





Chemicals used for the present studies were obtained 








Acetonitrile, ethanolamine, glucose, 
sodium metabisulphite, sulphuric 
acid, urea 
Pronase 
corporation, La Jolla, USA. 
4 Centre for Biochemicals VP 0-dianisidine HCI. 
Chest, Delhi India. 
5 Difco Laboratories, Detroit Freunds Adjuvant 
USA. 
6 Koch - light, England. Glutaraldehyde 
7 Merck-Schuchardt. p-mercaptoethanol. 
Germany. 
8 Pharmacia Uppsala, Sweden Sephadex G-10, Metal-Chelating 
Sepharose 
9 Bio-Rad, California, USA. PD-10 (Prepacked-Disposable) 
Sephadex G-25 column 
10 Quallgen Research Glycerol, Hydrogen peroxide. 
laboratories, India. 
11 Sigma Chemical Company, p-galactosidase, glucose oxidase, 
USA. pepsin, Sepharose-4B, 
concanavalin A 
3? 
12 Sisco Research 
laboratories, Mumbai, India. 
13 Whatman Laboratory 
Division Maidstone, 
England. 
Acrylamide, Ammonium Sulphate, 
Ammonium per sulphate, agarose, 
concanavalin A, cyanogen 
bromide, Folin's reagent, 
N.N'dimethylene bisacrylamide, 
Ortho-nitrophenol, p-galactoside 




The other reagents and chemicals used were of analytical grade. 
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METHODS 
2.1 IMMUNOLOGICAL METHODS 
2.1.1 Preparation of Antigens 
For the immunization of albino rabbits, animals received 
subcutaneously 300 |jg of glucose oxidase dissolved in 0.5 mi of 20 mM 
sodium phosphate buffer, pH 7.2 and mixed with equal volume of 
Freund's complete adjuvant. Each booster dose of 150 pg enzyme in 
0.5ml 20 mM sodium phosphate buffer, pH 7.2 with equal volume of 
Freund's incomplete adjuvant was prepared Freund (1947). The mixture 
was thoroughly emulsified using a 21 gauge syringes injected into the 
animals. 
2.1.2 Immunization 
Healthy rabbits weighing about 2-3 Kg were selected for 
immunization. Prior to their immunization, these animals were bled and 
collected sera was used as control. Albino rabbits were administered 
subcutaneously with antigen (glucose oxidase) prepared with Freund's 
complete adjuvant and animals were rested for 15 days. Booster doses 
were given weekly. After four booster doses, rabbits were rested for a 
week and blood was collected through ear vein. The serum was allowed 
to clot at room temperature for 3 hrs. The serum was collected by 
centrifugation at 3000 rpm for 15 min and was stored by adding 0.2% 
NaNa in a small aliquot at -20°C in a refrigerator. 
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2.1.3 Ouchterlony Double Diffusion 
The precipitation in the agarose gel between antigen and 
antibody was carried by the procedure of double immunodiffusion 
described by Ouchterlony (1949). Glass plates were layered by pouring 
1% agar solution prepared in normal saline and allowed to dry. The 
solidified agarose was punched to make wells. In the central well 30 pg 
antiserum was loaded and in the peripheral wells 20, 25 and 30 pg of 
glucose oxidase was added. The antigen was applied after 6 hrs of 
loaded antiserum. The plates were incubated initially at room temperature 
for 4 hrs and subsequently followed by overnight incubation in refrigerator 
for completing the antigen-antibody reaction. 
2.1.4 Purif ication of Immunoglobul in-G from Whole 
Antisera 
2.1.4.1 Ammonium sulphate precipitation of IgG from antisera 
6.84 g of ammonium sulphate was added to the 30 ml of whole 
antiserum with an equal volume of 20 mM sodium phosphate buffer, pH 
7.2. The antiserum was made 20% saturated with ammonium sulphate. 
After continuous stin-ing for 6 hrs the sample was centrifuged at 3000 rpm 
for 20 min and supematant was made 100% saturated with 7.38 g of 
ammonium sulphate. The precipitation was allowed to occur during 
overnight continuous stirring at 4°C. After centrifugation at 3000 rpm for 
20 min. The precipitate was collected and dissolved in a minimum 
volume of 20 mM sodium phosphate buffer, pH, 7.2. The precipitate was 
dialyzed against the same buffer and stored at 4°C. 
An 
2.1.4.2 Ion-exchange chromatography of ammonium sulphate 
precipitated antisera 
DEAE - Cellulose was regenerated by suspending 5.0 g mixture 
in 50 ml of 0.5 N HCI for 1 hr and washed on a buchner funnel with 
distilled water till the exchanger was at neutral pH. The DEAE - Cellulose 
was then treated with 0.5 N NaOH for 1 hr and washed with distilled water 
till neutral pH was obtained. The exchanger was then suspended in 20 
mM phosphate buffer, pH 7.2 and fine particles were removed by 
decantation. The slurry was poured into a glass column (1.2x10cm). Flow 
rate was maintained at 25 ml per hr. The 20-40% ammonium sulphate 
precipitate after dialysis was applied on the surface of the DEAE -
Cellulose column. The IgG moves along with the mobile phase and it can 
be collected from the column in the form of 2.0 ml fractions. The pooled 
fractions were analyzed for protein concentration. The homogeneity of 
purified protein was assessed by SDS - PAGE. 
2.2 Immunoaffinity Based Layering of Glucose Oxidase 
using F(ab)2' dimer 
2.2.1 Preparation of F(ab)2' Dimer 
Purified IgG were treated with pepsin according to the procedure 
described by Nisonoff et al. (1960), with some minor modifications. 
Enzyme solution of (2mg/ml) was prepared by dissolving pepsin in a 20 
mM sodium acetate buffer, pH 4.5. IgG solution was dialyzed against the 
same buffer. The enzyme - IgG ratio was kept 1:10 and the mixture was 
incubated at 37°C for 24 hrs. The reaction was stopped by adding solid 
tris salt to give pH 8.0. Pepsin treated IgG was cleaved into F(ab)2' and 
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Fc fragment. Proteolyzed sample was then concentrated and F(ab)2' was 
purified by using metal affinity chromatography (Hale, 1995). 
2.2.2 Purification of F(ab)2' from Fc Fragment 
About 1ml of pepsinized IgG solution (2 mg/ml) was dialyzed 
against the operating buffer and was loaded on 300 pi of regenerated 
Cu^* chelated IDA-Sepharose. The IgG loaded matrix was agitated 
continuously for 2 hrs at room temperature. The protein bound IDA matrix 
was centrifuged and supernatant which contained purified F(ab)2' dimer 
was collected by centrifugation and concentrated. The obtained F(ab)2' 
fragment was used for layering the glucose oxidase. 
2.2.3 Covalent Binding of IgG on Co^ IDA Matrix 
IDA-Sepharose was regenerated according to the procedure 
described by Hale (1995). The regenerated resin was loaded with 50 mM 
Cobalt chloride dissolved in water. The matrix was washed with 20 ml 
distilled water and followed by 20 ml of sodium phosphate buffer pH 7.2. 
Intact IgG was loaded on the matrix at a concentration of 5 mg/5 ml in 
phosphate buffer, pH 7.2 and incubated for 2 hrs at room temperature and 
then centrifuged at 3000 rpm for 20 min. The metal chelating matrix 
precoupled to IgG was oxidized by adding 0.03% hydrogen peroxide to 
phosphate buffered saline pH 7.2 and incubated for 1-2 hrs at room 
temperature. After oxidation, the matrix was washed with phosphate 
buffer saline, pH 7.2. The oxidation of Co *^ to Co^ "^  result into an 
irreversible and strong complex formation with antibody (Hale, 1995). 
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2.2.4 Immunoaffinity Layering of Glucose Oxidase 
About 500 units of glucose oxidase in 20 mlVI sodium phosphate 
buffer, pH 7.2 were incubated with Co *^ IDA Sepharose precoupled to IgG 
and continuously stin-ed for 8 hrs at room temperature. The bound 
enzyme was washed by centrifugation at 5000 rpm for 10 min and non -
specifically associated enzyme was eliminated by repeated washing with 
10 volumes of same buffer. 
The glucose oxidase bound on to metal chelating matrix 
pecoupled to IgG was considered as first layer. First layer immobilized 
preparation was then divided into two parts, followed by alternate three 
incubation cycles of glucose oxidase and intact IgG or glucose oxidase 
and F(ab)2' to yield desired immunoaffinity layers of glucose oxidase 
(Table 3 and 4). 
2.3 Preparation and Purification of Neoglycoprotein or 
Nooglycoconjugate 
Neoglycoprotein was prepared according to the method 
described by Jafri et al. (1995). About two hundred mg of glucose 
oxidase was extensively dialyzed with repeated changes of 20 mM 
sodium phosphate buffer, pH 7.2. The sample was incubated at 37°C 
with 8.0 mg pronase for a period of 12 hrs, further 5.0 mg pronase was 
added to the sample and incubated for a period of 80 hrs. Glucose 
oxidase was quantitatively converted into amino acid mixture and a small 
fraction of the large oligopeptide. The pronase digest was boiled at 100°C 
for 10 min. and then loaded on PD-10 a (Prepacked Disposable) gel 
filtration (7.5x1.7 cm) column. Two ml fractions were collected and 
analyzed by using TNBS and phenol - sulphuric acid reagent to determine 
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the presence of amino acids and oligosaccharides, respectively. The 
phenol-sulphuric acid positive peak was further purified on Con A-
Sepharose 4B. The bound glycopeptides were incubated with 0.2 M 
glycine - HCI containing 0.05 NaCI, pH 2.0 and stirred for 30 min at 4°C. 
The acidic pH of the mixture was immediately neutralized to pH 7.0 with 
0.1 N NaOH. Excess of glycine was removed by loading the sample on 
Sephadex G-10 column. The purified glycopeptides were treated with 
0.5% glutaraldehyde for 6 hrs at 4°C and excess glutaraldehyde was 
removed by passing the sample through the small Sephadex G-10 
(1.2x10 cm) column. The glutaradehyde treated oligopeptides were then 
mixed with 12 mg of BSA dissolved in a total volume of 3.0 ml of sodium 
phosphate buffer, pH 7.0 and incubated for 12 hrs at 30°C. The 
neoglycoconjugate was separated from BSA by loading the sample on 
Con A - Sepharose. The bound neoglycoprotein was again eluted with 
0.2 M glycine - HCI buffer, pH 2.0 which was immediately neutralized with 
0.1 N NaOH, pH 7.2. Glycine-HCI was removed by passing purified 
neoglycoprotein through PD-10 gel filtration column. 
2.3.1 Production and Purification of Antineoglycoprotein 
For the production and purification of glucose oxidase 
carbohydrate specific antibodies the similar procedure was followed as 
described in section 2.1. 
2.3.2 Crossreactivity of Glycosyl Specific Antisera with 
Glucose Oxidase, BSA, Digested Glucose Oxidase and 
Neoglycoconjugate 
The precipitation reaction in agarose gel between antigen and 
antibody was carried by the method of Ouchterlony (1949). 1% agarose 
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prepared in a normal saline was coated on a glass plate and was allowed 
to dry. The solidified agarose was punched to make wells and 32 |jg 
antiserum was loaded in the central well, 20, 25 and 30 pg of glucose 
oxidase were added to the peripheral wells. The antigen was applied 
after 6 hrs of loaded antiserum. The plates were incubated initially at 
room temperature for 4 hrs and then left for overnight in the refrigerator 
for completing the antigen-antibody reaction. 
2.3.3 Immunoaffinity Based Immobilization of Glucose 
Oxidase on Sepharose 4B by Layering with 
Glycosyl Specific Antibody 
In two subsequent experiments the whole antisera and purified 
IgG were coupled to cyanogen bromide activated Sepharose 4B to yield 
preparation containing 2.1mg protein per gm of gel, which was then 
incubated with excess of glucose oxidase in 20 mM sodium phosphate 
buffer, pH 7.2 in a total volume of 3.0ml for overnight incubation at 20°C 
(Porath et al., 1967). The matrix bound enzyme was then washed 
thoroughly with buffer to remove or eliminate the nonglycosylated 
unbound enzyme. The preparation thus obtained was considered as first 
affinity layer. The preparation was incubated alternatively with excess 
amount of appropriate glucose oxidase and glycosyl specific IgG or 
glucose oxidase and whole antisera. The process of alternate incubation 
of enzyme and glycosyl specific antibodies were continued to obtain 
preparation with desired number of six affinity layers of glucose oxidase 
(Table 6 and 7 ). 
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2.4 Preparation of Insoluble Complexes of Glucose 
Oxidase 
2.4.1 Preparation of Con A - Glucose Oxidase Complexes 
About 250 units of glucose oxidase were mixed separately with 
varying concentration of Con A (100 pg - 1000 pg) in a series of tubes 
and volume was made 1.0 ml with 20 mM sodium phosphate buffer, pH 
6.2. The mixture of glucose oxidase and Con A solution was incubated at 
37°C for 12 hrs. The precipitate was separated by centrifugation at 3000 
rpm for 10 min and washed with 20 mM sodium phosphate buffer, pH 6.2. 
Enzyme activity was determined in both the supernatant and insoluble 
complexes. 
2.4.2 Preparation of Insoluble Complexes of Glucose 
Oxidase with Antiglucose Oxidase 
To a series of tubes containing 125 units of glucose oxidase in 
0.3 ml 20 mM sodium phosphate buffer, pH 7.2 were mixed with 250-2500 
pg of antiglucose oxidase IgG. The final volume was made upto 0.8 ml 
with the same assaying buffer. The mixtures were incubated at 37°C for 
12 hrs. The precipitate was collected after centrifugation at 3000 rpm for 
30 min and was washed twice with the same buffer. Finally, the 
precipitate was suspended in 0.5 ml assaying buffer. The activity of both 
precipitate and supernatant was elucidated under the similar experimental 
conditions. 
2.4.3 Precipitation of Glucose Oxidase with Glycosyl 
Specific Antiglucose Oxidase IgG 
The specific antibodies raised against the carbohydrate moieties 
of the glucose oxidase were used for the formation of insoluble complexes 
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of the enzyme. The similar procedure was adopted as given in section 
2.4.2. 
2.4.4 Crosslinking of Insoluble Complexes of Glucose 
Oxidase with Glutaraldehyde 
Insoluble complexes of glucose oxidase obtained by mixing with 
Con A, antiglucose oxidase IgG, and glycosyl specific-antiglucose oxidase 
IgG were independently incubated with 0.5% glutaraldehyde in 0.5 ml, 
20 mM sodium phosphate buffer, pH 7.2. The samples were incubated at 
37 °C for two hrs. After crosslinking the insoluble adducts were washed 
with sodium phosphate buffer and treated with 0.01% ethanolamine for 
1 hr to neutralize the residual aldehydic groups. 
2.5 Preparation of Insoluble Complexes of p-Galacto-
sidase with Anti ^-Galactosidase Ant ibodies 
Aspergillus oryzae p-galactosidase specific polyclonal antibodies 
were raised in albino rabbits and characterized by the similar procedure 
as described in the text. Purified IgGs were used for the formation of 
immunocomplexes of p-galactosidase as mentioned in section (2.4.2). 
The obtained immunocomplex were crosslinked with 0.5% 
glutaraldehyde for 1 hr and used for different studies. 
Effectiveness factor 
The effectiveness 'T|' value of the immobilized preparation 
represents the ratio of actual to theoretical activity of the immobilized 
enzyme (Mullerand Zwing, 1982). Actual activity (B) value of the enzyme 
was determined by assaying an appropriate aliquot of the immobilized 
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enzyme. The theoretical activity (A) value of enzyme was calculated by 
substracting the soluble enzyme activity remaining (after immobilization) 
from the added for immobilization. 
2.6 TECHNIQUES 
2.6.1 Gel Electrophoresis 
2.6.1.1 Polyacryramide gel electrophoresis (PAGE) 
Electrophoresis was performed according to the method 
described by Laemmli (1970) using a slab gel apparatus manufactured by 
Biotech India. A stock solution of 30% acrylamide containing 0.8% 
bisacrylamide was mixed in appropriate order and proportions to give the 
desired percentage of acrylamide. It was then poured into the two glass 
plates (8.5x10cm) separated by 1.5 mm thick spacer. Bubbles and leaks 
were avoided. A comb providing template of 7 wells was quickly inserted 
into the gel before polymerization began. The comb was removed after 
polymerization of gel. The wells were cleaned and overlaid with running 
buffer. Samples containing 20-40 pg of protein mixed with equal volume 
of sample buffer (containing the final concentration of 0.0025 M tris HCI, 
pH 6.8 and 10% (v/v) glycerol and traces of bromophenol blue as tracking 
dye) were applied to the wells. Electrophoresis was performed at 100 
volts in electrophoretic buffer containing 0.02 M tris and 0.2 M glycine until 
the tracking dye reached to the bottom of the gel. 
2.6.1.2 SDS - polyacrylamide gel electrophoresis 
Laemmli procedure (1970) tris - glycine system for SDS - PAGE 
was performed by using a mini slab gel electrophoretic apparatus 
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manufactured by Biotech - India. A stock solution of 30% acrylamide 
contains 0.8% bisacrylamide, 1.5 M tris HCI, (pH 6.8 and 8.8) and 10% 
SDS were prepared and mixed in a specific and appropriate order to give 
desired percentage of acrylamide. The cocktail was then poured into the 
mould formed by two glass plates (8.5x10cm) separated by 1.5 mm thick 
spacers avoiding the air bubbles and leaks. A comb providing template 
for sample well was inserted into the stacking gel solution before 
polymerization started. The comb was removed after polymerization and 
wells were cleaned with distilled water. Protein samples were prepared 
to give a final concentration of 1% (w/v) SDS, 0.5% p-mercaptoethanol, 
0.25 M tris - HCI, pH 6.8 and 10% (v/v) glycerol and traces of 
bromophenol blue as a tracking dye. Samples were then treated in a 
boiling water bath for about 3-5 min. Protein samples of 10 [i\ were 
applied to the each well. Electrophoresis was carried out at 100 V for 
approximately 3 hrs in tris - glycine buffer containing 0.025 M tris-HCI, 0.2 
M glycine and 0.2% SDS (pH 8.3). The protein bands were detected by 
staining with Coomassie brilliant blue R-250. 
2.6.2 Staining Procedure 
2.6.2.1 Coomassie Brilliant Blue staining 
After completion of electrophoresis the gels were stained for 
protein with Coomassie Brilliant Blue R-250. The gel was then destained 
for several hrs with 40% methanol and 10% glacial acetic acid. 
2.6.2.2 PAS-staining 
Glycoprotein and neoglycoconjugate were stained according to 
the procedure described by Fairbanks et al. (1971). SDS was removed 
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from the gel prior to their staining. Gels were washed with 25% isopropyl 
alcohol and 10% acetic acid for 12 hrs at 22°C followed by treatment with 
the solution containing 10% isopropyl alcohol and 10% glacial acetic acid 
for 6 to 9 hrs and finally washed with 10% acetic acid by incubating them 
12 hrs. Further the gels were treated with various solutions; 0.5% 
periodic acid for 2 hrs, 0.5% sodium arsenite in 5% glacial acetic acid for 
Ihr, 0.1% sodium arsenite in 5% glacial acetic acid for 30 min, 0.1% 
sodium arsenite in 5% glacial acetic acid for 10 min twice, 5% glacial 
acetic add for 10 min and finally gel was stained with Schiffs reagent for 
12 hrs in dark. The gels were destained with a solution of 0.1% sodium 
metabisulphite prepared in 0.01 N HCI, until the rinsed solution failed to 
turn pink upon addition of formaldehyde. 
2.6.3 Gel - Chromatography 
2.6.3.1 Sephadex (G -10) chromatography 
A column of Sephadex G - 10 was prepared according to the 
procedure recommended by Peterson and Sober (1962). The gel was 
allowed to swell in sufficient amount of distilled water for 2 - 3 hrs in a 
boiling water bath. After swelling the fine particles of gel were removed 
by suspending the gel in 2 -4 fold excess eluent solution and allowed to 
settle down nearly 95% of the gel. The remaining gel in supernatant 
solution was rapidly removed by suction. A clean glass column 
(1.2x10cm) was mounted on vertical support. The slurry was then poured 
gently down a glass rod Into the column with care to avoid air bubbles and 
leaks from dead space. The poured gel was allowed to settle down 
overnight, keeping the column outlet closed. Subsequently flow rate was 
gradually increased and a constant flow rate was maintained. The packed 
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column was then washed with two bed volumes of operating buffer 
(20 mM sodium phosphate buffer, pH 6.0). Uniform packing was 
ascertained by passing 0.2% of blue dextran solution through the column. 
The amount of the loaded sample should not exceed more than five 
percent of the total bed volume of the column. The Sephadex G-10 
column (1.2x10 cm) was used for the separation of oligosaccharide from 
unreacted glutaraldehyde. The fractions were analyzed for the presence 
of protein and carbohydrate content. 
2.6.3.2 PD-10 column chromatography 
Prepacked-Disposable chromatography column are polypropy-
lene syringe like columns which contain swollen Sephadex G-25 media 
for rapid separation of oligopeptides from individual aminoacids of 
digested glucose oxidase. Each PD-10 column contains 9.1 ml of 
Sephadex G-25 (with a bed height of 5 cm) and is capable of handling 
sample volume upto 2.5 ml. The biological samples are desalted and 
small molecular weight components are removed and exchanged with 
excellent recoveries of macromolecules in short time. 
In just four easy steps, PD-10 column can rapidly purify the 
desired samples. 
1. Remove top and bottom cap and cut the end of the column tip. 
2. Equilibrate the column with approximately 25 ml of the final desired 
buffer solution. 
3. Eluate the desalted high molecular weight of components (eg., 
proteins) with buffer volumes of 3.5 ml or less, depending on the 
sample size. 
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2.6.4 Colorimetric Estimation 
2.6.4.1 Protein estimation 
The concentration of protein was estimated according to the 
procedure described by Lowry et al. (1951). Suitable range 30 ^g-300 ^g 
BSA sample were taken and was made 1.0 ml with distilled water. To this 
add 5.0 ml of alkaline copper reagent, freshly prepared (0.5% copper 
sulphate in 1% (w/v) sodium potassium tartarate and 2% (w/v) sodium 
carbonate in 0.1 N NaOH in a ratio, of 1:50). The sample tubes were 
incubated for 10 min and add 0.5 ml IN Folin's reagent. The contents 
were rapidly mixed and blue color intensity was read after 30 min at 660 
nm. A standard curve was obtained by using 30 mg per 100 ml of BSA to 
calculate the concentration of unknown protein. 
2.6.4.2 Carbohydrate estimation 
The method described by Dubois (1956) was followed for 
determining the content of carbohydrate samples in the range of 0 - 150 
\xg were taken in a set of tubes and final volume was made 1 ml with 
distilled water. Hundred microlitre of 80% phenol was added. This was 
followed by addition of 5 ml concentrated sulphuric acid. The tubes were 
then mixed properiy and allowed to stand for 10 min and again incubated 
for 20 min at 30°C. The color intensity was measured at 490 nm. For the 
quantification of carbohydrate, the glucose concentration of various 
samples was calculated from the calibration curve obtained using 20 mg 
per 100 ml glucose as standard. 
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2.6.4.3 Determination of amino groups 
The amino groups were determined by the method of Habeeb 
(1966) with slight modifications. Glycine was used as a standard amino 
acid. Suitable aliquots of the protein samples were dissolved in 1.0 ml of 
0.1 M sodium tetraborate buffer, pH 9.3. 25 1^ of aqueous 0.3 M TNBS 
was added and agitated instantly to ensure complete mixing and allowed 
to stand for 30 min at 25°C. Absorbance of yellow color formed was 
recorded at 420 nm against the reagent blank. 
2.6.5 Enzyme Assays 
2.6.5.1 Assay of glucose oxidase 
Glucose oxidase activity was assayed according to the method 
described by Hatton and Regoeczi (1976) and was modified by Iqbal and 
Saleemuddin (1983). 0.15 M Glucose oxidase was prepared in distilled 
H2O. Peroxidase and 0-dianisidine-HCI were added to 0.05 M sodium 
phosphate buffer, pH 6.1 to give final concentration of 0.01%. One ml of 
0.15 M glucose was added to 1.8 ml of freshly prepared peroxidase 
0-dianisidine-HCI reagent. After preincubation at 37°C for 2 min, 0.2 ml 
of suitably diluted enzyme was added and reaction was allowed to 
proceed for 10 min, at 37°C. The reaction was terminated on the addition 
of 1.0 ml of 4.5 M sulphuric acid and the developed pink color was read at 
550 nm. 
One unit of glucose oxidase is the amount that oxidizes, 
1.0 ^mole of glucose to gluconic acid and hydrogen peroxide per min at 
37°C, pH6.1. 
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2.6.5.2 Assay of ^-galactosidase 
The procedure of Khare and Gupta was used with slight 
modification for assaying the activity of p-galactosidase. The activity was 
determined using a synthetic substrate 0-nitrophenyl p-D galacto-
pyranoside (ONPG). The assay mixture in a total volume of 1.8 ml 
contained 0.75 ml of 0.5 M sodium acetate buffer, pH 4.5, one mM MgCb, 
0.625 \x\ D/W and 0.225 ml of 20 mM ONPG. The reaction was initiated 
by adding 200 \x\ of p-galactosidase and incubated at 37°C for 10 min. 
The reaction was stopped by adding 2.0 ml of 2.0 M sodium carbonate 
solution. The yellow color was developed due to the formation of 0-
nitrophenol and was quantitated at 405 nm. 
One unit of enzyme is the amount that hydrolyzes 1 i^mole of 
ONPG to 0-nitrophenol at pH 4.5 per min at 37°C. 
Data: Each value of data given in this manuscript represents the 
mean of at least two independent experiments performed in duplicate. 




3.1 IMMOBILIZATION OF GLUCOSE OXIDASE ON 
CO^*IDA-SEPHAROSE MEDIATED VIA F(ab)2' 
FRAGMENT AND INTACT IgG 
3.1.1 Production of Glucose Oxidase Specific Polyclonal 
Antibodies 
The purity of the commercially available glucose oxidase 
(antigen) was confirmed by polyacrylamide gel electrophoresis. It 
migrated as a single major band on electrophoresis, which ensured the 
purity of available enzyme (Fig.2). Dialyzed glucose oxidase was used as 
an antigen and animals were immunized along with Freund's adjuvant 
according to the protocol discussed in the text. 
Double dimensional immunodiffusion was carried out between 
glucose oxidase and antiglucose oxidase antibodies in 1% agarose gel. A 
single precipitin line was observed and this observation further confirmed 
the purity of the enzyme preparation (Fig.3). These results evidently 
showed high immunogenicity of the glucose oxidase in rabbits. 
3.1.2 Isolation of IgG from Antiglucose Oxidase Antisera 
The antiglucose oxidase IgG was purified according to the 
procedure described by Fahey and Terry (1979). IgG precipitated from 
immune sera with ammonium sulphate and fractions between 20-40% 
were collected. The precipitate dissolved in minimum amount of 20 mM 
sodium phosphate buffer, pH 7.2 and was extenLS v^^ yv^ dialyz,ed against 
..\> 
the repeated changes of 0.1M sodium phos0ft8^buffer, pH 71). The 
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Fig.2 Gel electrophoresis of glucose oxidase 
Commercially available glucose oxidase preparation was 
subjected to 7.5% polyacrylamide gel electrophoresis in the 
presence of SDS. The electrophoretic pattern of glucose oxidase 
is present in lane a and b. 
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Fig.3 Ouchterlony immunodiffusion of glucose oxidase against 
specific polyclonal antibodies 
Antiglucose oxidase antiserum was raised in albino rabbits and 
collected antisera was used as a source of IgG for performing 
immunodiffusion. Immunodiffusion was allowed to take place 
between glucose oxidase and antiglucose oxidase IgG in 1% 
agarose gel as described in the text. The central well contained 
30 i^l of antiglucose oxidase whereas peripheral wells number 




dialyzed fractions were further purified on DEAE-Cellulose (1.8x10cm) 
ion-exchange column equilibrated with same buffer. 
Purity of IgG was confirmed by polyacrylamide gel 
electrophoresis, performed in presence and absence of SDS. Whole 
antiserum and ammonium sulphate fractions exhibited bands 
corresponding to IgG and several other polypeptides (Fig. 4, Lane a and 
b). The additional bands were removed after DEAE - Cellulose 
chromatography and the purified IgG preparation gave a clear single band 
(Fig. 4, Lane C). 
3.1.3 Determination of Molecular Weight of IgG 
In order to find out the molecular weight of the isolated IgG 
preparation. The IgG sample was separated on SDS-PAGE along with a 
wide range of marker proteins; lysozyme (14.4 Kd), soyabean trypsin 
inhibitor (20.0 Kd), carbonic anhydrase (29.0 Kd), ovalbumin (43.0 Kd), 
BSA. (68.0 Kd), phosphorylase B (97.41 Kd) and myosin (205 Kd) as 
shown in Fig. 5A. The molecular weight of IgG was calculated according 
to the procedure of Weber and Osborn (1969), by plotting the mobility of 
marker proteins vs. the logarithm of their molecular weights. It is evident 
from Fig. 58 that IgG migrated close to band 2 and 3, 4 and 5 of the 
marker proteins. The MW of the light chain and heavy chain determined 
was 25 Kd and 50 Kd, respectively. 
3.1.4 Preparation and Purification of F(ab)2' Fragment 
About 2 mg/ml proteolyzed IgG was loaded on Cu^*IDA-
Sepharose and was continuously agitated for 4 hrs. After incubation 
period the matrix was washed and equilibrated with operating buffer (50 
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Fig.4 Polyacrylamide gel electrophoresis of purified 
antiglucose oxidase antibodies 
The purity of isolated antibodies was analyzed on 7.5% non-
denaturing gel. The electrophoretic pattern of different 
preparations of IgG are shown on the mini-slab gel; Lanes 1,2 
and 3 contain; whole antiserum, 20-40% ammonium sulphate 
precipitate of antiserum and DEAE cellulose purified IgG, 
respectively. 
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Fig.5 Molecular weight determination of IgG using SDS-
PAGE (A) and by Weber and Osborn method (B) 
(A) Purified fraction of IgG from DEAE-cellulose and protein 
makers were incubated with sample buffer at 100°C for 5 
min and subjected to 12.5% polyacrylamide gel 
electrophoresis in presence of SDS. Lane a and d contain 
molecular weight markers, Lane b and c contain DEAE-
cellulose fractions of IgG. 20-30^g of each preparation was 
loaded in the well. 
(B) The relative mobilities of the standard protein from SDS gel 
(5A) were plotted against logarithm of molecular weight 
using least square analysis. Arrows indicate the position of 
the large and small molecular weight peptides from DEAE 
cellulose fractions. 
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mM tris-HCI containing 100 mM NaCI, pH 7.5). Fc fragment bound to 
Cu^ l^DA-Sepiiarose and F(ab)2', fragment remained unbound in the 
supernatant. The unbound F(ab)2', fragment was then separated by 
simple centrifugation of matrix at 5000 rpm for 20 min. The supernatant 
containing F(ab)2', fragment was collected after centrifugation and was 
checked for the presence of F(ab)2', on 12.5% SDS-PAGE. The analyzed 
sample evidently expressed a single band on electrophoresis and it 
confirm the homogeneity of F(ab)2' fragment (Fig.6). 
3.1.5 Immunoaffinity Layering of Glucose Oxidase on 
Co '^^ IDA Sepharose IVIediated via F(ab)2', Fragment 
and Intact IgG 
Initially 275 units of glucose oxidase were bound to metal 
chelating IDA-Sepharose precoupled with IgG. Further layer by layer 
increase in the activity of glucose oxidase was obtained by alternate 
incubation of intact IgG and glucose oxidase (Table 3) or F(ab)2' fragment 
and glucose oxidase (Table 4). These results were quite comparable with 
the observations reported by some earlier workers with Con A (Farooqui 
et al., 1997). The bivalent polyclonal antibodies could effectively be used 
for large assembly of enzyme on support. One ml of metal chelating IDA-
matrix binds 10.9 and 16.7 mg of glucose oxidase via intact IgG and 
F(ab)2' fragment, respectively. 
The amount of enzyme immobilized on IgG support could be 
raised remarkably after three additional incubation cycles the amount of 
glucose oxidase associated with the support increased to 8.0 and 11.0 
fold with intact IgG and F(ab)2', respectively as compared to the directly 
bound glucose oxidase on the IgG Co^ l^DA Sepharose. 
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Fig.6 Gel electrophoresis of purified F(ab)2' fragment 
The purified F(ab)2' fragment was compared on 12.5% SDS-
PAGE with intact IgG present in whole antiserum and purified on 
DEAE-cellulose. The proteins were separated, stained and 
destained according to the procedure described in the methods. 
The electrophoretic patterns of various preparations are given in 
lanes; (a) whole antiserum (b) and (c) purified IgG fraction, (d) 
purified F(ab)2' with p-mercaptoethanol, (e) purified F(ab)2' 
without P-mercaptoethanol. 
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Table 3 
Imnnunoaffinity Layering of Glucose Oxidase Performed 
with the Help of Specific Polyclonal Antibodies on IgG-








































a. each value represents the average of three independent 
experiments periformed in duplicate. Variations did not exceed 
more than 10%. 
b. glucose oxidase was assayed according to the procedure 
described in the text. 
c. determined by substracting the number of units of enzyme 
remaining in the supernatant and washing after incubation from 
those added. 
d. determined by assaying an appropriate aliquots of the immobilized 
enzyme under assay conditions with continuous agitation. 
63 
Table 4 
Immunoaffinity Layering of Glucose Oxidase Performed 









































a. each value represents the average of three independent 
experiments performed in duplicate. Variation did not exceed 
more than 10%. 
b. glucose oxidase was assayed according to the procedure 
described in the text. 
c. determined by substracting the number of units of enzyme 
remaining in the supernatant and washing after incubation from 
those added. 
d. determined by assaying an appropriate aliquots of the immobilized 
enzyme under assay conditions with continuous agitation. 
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Table 3 and 4 summarize the amount of bound enzyme during 
the immunoaffinity layering of glucose oxidase as three affinity layers on 
IDA-Sepharose using F(ab)2' was markedly higher than the enzyme 
assembled on the matrix via intact IgG. Moreover, there was linear 
increase in the effectiveness factor and enzyme activity in both the 
layered preparations. 
3.1.6 Properties of Immunoaffinity Layered Glucose 
Oxidase on Co^ '^ IDA Sepharose 
Properties of immunoaffinity layered glucose oxidase obtained 
using F(ab)2' on metal chelating IDA-Sepharose were investigated and 
compared with immunoaffinity layered glucose oxidase prepared using 
intact IgG and soluble enzyme. 
3.1.6.1 Effect of temperature 
Soluble glucose oxidase and immunoaffinity layered glucose 
oxidase prepared with intact IgG and F(ab)2' bearing one, two, three 
layers of glucose oxidase were studied for the ability to resist inactivation 
induced by temperature at 60°C. The immunoaffinity layered immobilized 
preparations showed improved stability of the enzyme and exhibited layer 
by layer increase in the fraction of the retained enzyme activity after 
exposure at 60°C for varying time periods. The three affinity layered 
preparation of glucose oxidase obtained with intact IgG or F(ab)2' retained 
50% and 55% activity, respectively while the soluble enzyme lost its full 
activity under the similar conditions (Fig. 7A and 7B). 
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Fig.7 Thermal inactivation of soluble and immunoaffinity 
layered glucose oxidase prepared using F(ab)2' 
fragment or intact IgG 
Appropriate concentration of soluble and all the three layered 
preparations of glucose oxidase obtained using F(ab)2' fragment 
[ A ] or intact IgG (B) were incubated at 60°C in 20 mM sodium 
phosphate buffer, pH 7.2 for indicated time durations. Aliquots 
were removed at various time intervals, chilled quickly and 
enzyme activity determined. [A] preparations used were [ • ] 
soluble enzyme, immunoaffinity layered preparations with one 
[ • ], two [ A ] and three [ X ] affinity layers. [B] preparations 
used were soluble glucose oxidase [ O ]. immunoaffinity layered 
preparations with one [ • ], two [ A ] and three [ X ] affinity 
layers. 
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3.1.6.2 Stability at various temperatures 
Soluble and three immunoaffinity layered glucose oxidase 
preparations obtained using F(ab)2' and intact IgG were compared for the 
residual activity by incubating them at various temperatures (Table 5). 
The layer by layer increase in the stability was observed and greater 
fraction of activity retained at high temperatures by immobilized 
preparations over the range of 50°C to 80°C (Table 5). 
The three layered immunoaffinity preparations of glucose 
oxidase obtained with intact IgG and F(ab)2' incubated for 1 hr at 70°C, 
showed a good retention of 26% and 40% of the initial activity whereas 
the native enzyme lost its complete activity during 20 min incubation 
under similar conditions. These results suggested that the three layered 
preparation of glucose oxidase obtained using F(ab)2' was significantly 
more resistant to thermal denaturation as compared to the preparation 
obtained using intact IgG. However, glucose oxidase layered via intact 
IgG was far superior in stability then the soluble enzyme. 
3.1.6.3 Effect of pH 
Activity of soluble and three imrhunoaffinity layered glucose 
oxidase preparations obtained using F(ab)2' fragment and intact IgG was 
determined after preincubation at 37°C for 15 min in the buffers of 
different pH values (3.0-9.0). Figure 8 indicates the pH-optima of the 
immunoaffinity immobilized glucose oxidase preparations was found to be 
same as for soluble enzyme, pH optima 6.0. Immunoaffinity layered 
enzyme retained greater fraction of enzyme activity at pH, 2.0 and 9.0 as 
compared to the soluble enzyme (Fig. 8). 
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Table 5 
Thermal Stability of Immunoaffinity Layered Glucose 
Oxidase Preparations^ Obtained Using Antiglucose Oxidase 
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a. preparations containing three layers were used. Each value 
represents the average of three experiments performed in duplicate. 
b. both the soluble and affinity layered preparations exhibit maximum 
activity under assaying conditions were taken as 100 for calculation of 
percent activity. 
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Fig.8 pH-activity profiles of soluble and immunoaffinity 
layered glucose oxidase obtained using F(ab)2' and 
intact IgG 
Soluble and three immunoaffinity layered preparations of 
glucose oxidase were incubated at 37°C for 15 min in 
appropriate buffers of indicated pH value; glycine-HCI (pH 2.0 -
3.0), sodium acetate (pH 4.0 - 5.0) and sodium phosphate (pH 
6.0 - 9.0). The molarity of all the buffers was 20 mM. The 
enzyme activity was estimated under other standard conditions. 
Symbols indicate; soluble glucose oxidase ( • ), three 
immunoaffinity layered enzyme preparations with intact IgG 





3.1.6.4 Effect of 4.0 M urea 
The effect of 4.0 M urea denaturant on the activity of soluble and 
three immunoaffmity layered glucose oxidase preparations obtained via 
F(ab)2' and intact IgG was compared after incubation at 37°C for various 
time durations. The affinity layered preparations retained 55% and 57% 
activity with intact IgG and F(ab)2' respectively, whereas soluble enzyme 
lost its complete activity under identical conditions (Fig. 9). 
3.1.6.5 Effect of organic solvents 
3.1.6.5.1 Effect of acetone 
Activity of soluble and three immunoaffinity layered glucose 
oxidase preparations was investigated after preincubation of samples in 
different concentrations of acetone for 2 hrs at 37°C. Figure 10 suggests 
that F(ab)2' layered glucose oxidase preparation was more stable and 
retained higher percent of activity when exposed to 50% acetone for 2 hrs 
as compared to glucose oxidase layered via intact IgG. Although soluble 
enzyme was more susceptible to acetone denaturation. 
3.1.6.5.2 Effect of dioxane 
Soluble and three immunoaffmity layered preparations of 
glucose oxidase obtained via F(ab)2' or intact IgG were preincubated in 
different concentrations of dioxane for 2 hrs and the activity was 
determined. The results suggested that the immobilized preparation 
obtained via F(ab)2' fragment was more stable as compared to the 
preparation obtained via intact IgG and soluble enzyme. As shown in 
Fig.11 immunoaffinity layered glucose oxidase prepared with F(ab)2' and 
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Fig.9 Effect of 4.0 M urea on the activity of soluble and 
three immunoaffinity layered glucose oxidase 
preparations obtained using F(ab)2' and intact IgG 
Soluble and three immunoaffinity layered enzyme preparations 
were incubated at 37°C in 20 mM sodium phosphate buffer, pH 
7.2 which was made 4.0 M with respect to urea concentration. 
Aliquots of 0.2 ml suspension were taken out at indicated 
intervals and activity was determined. Activity of urea untreated 
samples were taken as 100 for the calculation of residual 
activity. Symbols representing various preparations are same as 
detailed in fig. legend 8. 
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Fig.10 Effect of acetone on activity of soluble and three 
immunoaffinity layered glucose oxidase 
preparations obtained using F(ab)2' and intact IgG 
Soluble and three immunoaffinity layered glucose oxidase 
preparations obtained using F(ab)2' and intact IgG were 
incubated at 37°C in various concentration of aqueous acetone 
cosolvent mixtures. Activity of samples were determined after 2 
hrs incubation and the activity of untreated samples were taken 
as 100, both for soluble and immunoaffinity layered 
preparations. For symbols please refer to fig. legend 8. 
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Fig.11 Effect of dioxane on the activity of soluble and 
three immunoaffinity layered glucose oxidase 
obtained using F(ab)2' and intact IgG 
Soluble and three immunoaffinity layered glucose oxidase 
preparations obtained using F(ab)2' and intact IgG were 
incubated with various concentrations of dioxane at 37°C. The 
activity of enzyme preparations not exposed to dioxane was 
considered as 100. Symbols representing various preparations 
are same as given in fig. legend 8. 
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intact IgG retained 96% and 85% activity, respectively whereas the 
soluble enzyme expressed a retention of 78% activity under similar 
conditions of exposure. 
3.1.6.5.3 Effect of tetrahydrofuran 
Activity of soluble and three immunoaffinity layered 
preparations of glucose oxidase was determined. Layered preparation of 
glucose oxidase with F(ab)2' was superior in stability and retained about 
59 % of the original activity while the preparation obtained with intact IgG 
exhibited only 40% of the residual activity. The soluble enzyme under 
these conditions showed a marginal retention of 6% of the initial activity 
(Fig.12). 
3.2 PREPARATION OF IMMUNOAFFINITY LAYERED 
GLUCOSE OXIDASE BY USING GLYCOSYL SPECIFIC 
ANTIBODIES 
3.2.1 Preparation and Purification of Glycopeptides from 
Glucose Oxidase 
The glucose oxidase from Aspergillus niger was digested with 
pronase for 80 hrs as described in the methods. The digested glucose 
oxidase was then passed through PD-10 gel filtration column. The 
fractions obtained were then analyzed for protein and carbohydrate 
(Fig.13). Pronase digested glucose oxidase was eluted in the void volume 
of the column. Pooled fractions were analyzed by using TNBS and 
sulphuric acid reagent to determine the presence of amino groups and 
oligosaccharides, respectively. The single protein and carbohydrate peak 
observed matched exactly suggesting that glucose oxidase is proteolyzed 
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Fig.12 Effect of tetrahydrofuran on the activity of soluble 
and three immunoaffinity layered glucose oxidase 
preparations obtained using F(ab)2' and intact IgG 
Soluble and three immunoaffinity layered glucose oxidase 
obtained with F(ab)2' and intact IgG were incubated at 37°C for 
indicated concentration of THF. Activity of appropriate aliquots 
was determined after 2 hrs of incubation. The activity of 
untreated samples was considered as 100, both for soluble and 
immunoafTinity layered enzyme preparations. Symbols indicating 
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Fig.13 Gel filteration profile of pronase digested glucose 
oxidase 
200 mg glucose oxidase dissolved in 3.0 ml of 20 mM sodium 
phosphate buffer, pH 7.2 was treated with 8.0 mg of pronase for 
a period of 12 hrs at 37°C In presence of 5.0 mg of calcium 
chloride. Five mg pronase was again added and the sample was 
further incubated for a period of 80 hrs at 37°C. The completely 
digested sample was loaded on PD-10 Sephadex (7.5 x 1.7 cm) 
column, pre-equilibrated with 20 mM sodium phosphate buffer, 
pH 7.2. Fractions of 2ml were collected at a flow rate of 25 
ml/hr. The collected fractions were assayed for amino groups at 
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into single major protein product and minor undetectable protein 
fragments. The phenol sulphuric acid positive peak of oligopeptides 
obtained in void volume of column was further purified on CNBr activated 
Con A-Sepharose 4B. The bound oligopeptides were eluted with 0.2 M 
glycine-HCI buffer containing 0.05 M NaCI, pH 2.0. Excess glycine was 
removed by passing the sample on a Sephadex G-10 gel filtration column. 
The bioaffinity purified oligopeptides initially allowed to react with 
glutaraldehyde and then crosslinked to BSA to synthesize 
neoglycoprotein. In order to separate neoglycoprotein from native BSA 
the sample was loaded on Con A - Sepharose column. Con A bound 
neoglycoprotein was eluted by 0.2 M glycine-HCI, pH 2.0 which was 
immediately neutralized with 0.1 N NaOH, pH 7.2. Further excess of 
glycine-HCI was removed by loading sample on PD-10 column. 
Neoglycoprotein purified from Con A-Sepharose and PD-10 column was 
analyzed on SDS-PAGE. 
3.2.2 Electrophoresis of Con A-Sepharose Purified 
Neoglycoconjugate 
Neoglycoconjugate was purified by using Con A-Sepharose 
affinity column and their purity was confirmed on SDS-polyacrylamide gel 
electrophoresis. The neoglycoprotein emerging from the Con A-
Sepharose column gave a single major band after staining with 
coomassie brilliant blue Fig. 14A or with PAS staining (Fig. 14B). 
Neoglycoprotein exhibited mobility quite comparable with native protein. 
Since the native BSA does not stain with PAS, Fig. 14B does not include 
the migration pattern of BSA. ^ . ^ ' ^ ""^  ^ N 
. ^cc. No... 
77 
Fig.14 Coomassie brilliant blue (A) and PAS (B) staining 
profiles of neoglycoprotein subjected to SDS-
PAGE 
Panel A; Lane 1 and 3 represent BSA and lane 2,4 represent 
neoglycoprotein. Panel B, Lane 1, 2 and 3 contain 
neoglycoprotein of 20, 40 and 60 ^g respectively. Native BSA 
does not stain with PAS and hence not shown in panel B. 40 ^g 
of BSA and 40 i^ g of neoglycoprotein were applied on the gel in 
Panel A. 
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3.2.3 Immunodiffusion of Antineoglycoprotein with 
Glucose Oxidase and Neoglycoprotein 
As evident from Fig.15A that antisera raised against the 
neoglycoprotein excellently crossreacted with neoglycoprotein, glucose 
oxidase and BSA. It suggested that it contained both peptides of the BSA 
and glycosyls of glucose oxidase specific antibodies. The results also 
substantiates that carbohydrate moiety of the glycoenzymes rarely 
participate in catalytic activity of enzyme and antineoglycoproteins were 
non-inhibitory (Lis and Sharon,1993). 
3.2.4 Crossreactivity of Antineoglycoprotein on Agarose 
Gel with p-Galactosidase and Invertase 
Immunodiffusion was performed as described in the text. The 
central well contained antineoglycoprotein of glucose oxidase and wells 
a,b and c contained glucose oxidase, 3-galactosidase and invertase (Fig. 
15B). The results indicate that no crossreactivity was observed against 
any other glycoenzyme except glucose oxidase and it suggested almost 
absolute specificity of antineoglycosyl antibodies only for glycosyl moiety 
of the glucose oxidase. 
3.2.5 Immunoaffinity Layering of Glucose Oxidase on 
Sepharose4B Support Using Glycosyl Specific 
Antibodies 
In two independent experiments, IgG purified on ion-exchange 
column, was covalently bound to CNBr-activated Sepharose (Porath et 
al., 1967). The activated support bound 2.1 mg protein per g gel. The 
obtained preparation was incubated overnight with excess of glucose 
oxidase at 4 °C in a 20 mM sodium phosphate buffer, pH 7.2, in a total 
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Fig.15 Immunodiffusion of neoglycoprotein with anti-
neoglycoproteins 
A. Immunodiffusion of neoglycoprotein with antineoglycoproteins 
was performed in 1% agarose gel. The central well contained 
30 ^g of antineoglycoproteins and peripheral wells, 1 and 2 
contained glucose oxidase. Well 3 and 6 contained 
neoglycoprotein, well 5 contained BSA, well, 4 contained 
digested glucose oxidase. 
B. Crossreactivity of antineoglycoproteins with 
glucose oxidase and other glycoenzymes 
Cross-reactivity of antineoglycoproteins with glucose oxidase 
and other glycoenzymes were performed in 1% agarose gel. 
Central well contained 30 ^g of antineoglycoproteins and 
peripheral wells, 1, 2 and 3 contained 20 ^g glucose oxidase, 
30 ^g invertase and 30 x^g p-galactosidase, respectively. 
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volume of 3.0 ml. The matrix was then washed extensively with buffer to 
eliminate unbound enzyme. Thus obtained preparation was considered as 
first layer. The first layered immobilized glucose oxidase was then 
incubated alternatively with excess of glucose oxidase and 
antineoglycoprotein IgG or glucose oxidase and unfractionated 
antineoglycoprotein antisera. This process was continued till the formation 
of six desired affinity layers. 
Table 6 and 7 summarize the result obtained during assembly of 
glucose oxidase on glycosyl specific IgG-Sepharose as six affinity layers. 
The amount of glucose oxidase immobilized on Sepharose 4B support 
increased linearly with successive incubation cycles and after six desired 
cycles, the amount associated with support was raised about 30 fold as 
compared to the enzyme directly bound on IgG-Sepharose 4B. The 
effectiveness factor 'n' also increased linearly with the formation of 
successive layers. 
Table 6 and 7 show that it was also possible to assemble 
glucose oxidase in the form of layers on support using unfractionated 
glycosyl specific antiserum. The glucose oxidase immobilized on the 
support could be raised over 33 fold after six alternate enzyme -antibody 
incubation cycles. One gram of Sepharose precoupled to IgG binds 27mg 
and 41 mg of glucose oxidase after six additional incubation cycles. The 
effectiveness factor 'n' also increased with successive layering of enzyme 
on the matrix as observed with purified IgG. 
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Table 6 
Immunoaffinity Layering of Glucose Oxidase on Sepharose 



























































a. each value represents the average of three independent 
experiments performed in duplicate. 
b. glucose oxidase was assayed according to the procedure 
described in the text. 
c. determined by substracting the number of units of enzyme 
remaining in the supernatant and washing after incubation from 
those added. 
d. determined by assaying an appropriate aliquots of the immobilized 
enzyme under assay conditions with continuous agitation. 
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Table 7 
Immunoaffinity Layering of Glucose Oxidase on Sepliarose 
4B Using Unfractionated Antiserum Containing Glycosyl 


























































each values represents the average of three independent 
experiments performed in duplicate. 
glucose oxidase was assayed according to the procedure 
described in the text. 
determined by substracting the number of units of enzyme 
remaining in the supernatant and washing after incubation from 
those added. 
determined by assaying an appropriate aliquots of the immobilized 
enzyme under assay conditions with continuous agitation. 
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3.2.6 Properties of Immunoaffinity Layered Glucose 
Oxidase Prepared Using Glycosyl Specific 
Antibodies 
3.2.6.1 Thermal stability at 60°C 
The activity of soluble and various immunoaffinity layered 
glucose oxidase preparations obtained using glycosyl specific polyclonal 
antibodies bearing all the six layers was investigated. Layer by layer 
immobilization of glucose oxidase significantly improved the stability of 
enzyme. Figure 16A shows that the six affinity layered glucose oxidase 
preparation was highly superior in stability and retained nearly 91% 
activity as compared to the first affinity layered preparation which retained 
55% of activity after 2 hrs preexposure at 60°C while under the identical 
conditions the native enzyme was completely inactivated. 
Immunoaffinity layered glucose oxidase preparations were also 
preincubated at 60°C for long time and a marked increase in the 
resistance to inactivation was observed. Figure 16B shows that the 
immunoaffinity immobilized preparation bearing six affinity layers retained 
58% of the original activity after 24 hrs of preincubation at 60°C. 
3.2.6.2 Stability at various temperatures 
The effect of temperatures on the activity of soluble and 
immunoaffinity layered glucose oxidase preparation obtained using 
glycosyl specific polyclonal antibodies bearing all the six layers 
assembled on IgG-Sepharose is shown in Table 8 . At high temperatures 
the immobilized preparation retained significant activity over wide 
temperature range from 50°C to 90°C. Six layered glucose oxidase 
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Fig.16 Thermal inactivation of soluble and immunoaffinity 
layered preparations of glucose oxidase obtained 
using glycosyl specific IgG 
Native and all the immunoaffinity layered preparations of 
glucose oxidase obtained using glycosyl specific IgG were 
incubated at 60°C in 20 mM sodium phosphate buffer for 
indicated short time (A) and long time (B) durations. Aliquots 
were removed at various indicated intervals, chilled quickly in ice 
and enzyme activity was determined. The symbols representing 
soluble enzymes ( • ), immunoaffinity layered glucose oxidase 
preparations containing one [ • ], two [ A ], three [ K ], four 
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Table 8 
Thermal Stability of Soluble and Immunoaffinity Layered 





















































































a. preparations containing six layers were used. Each value represents 
the average of three experiments performed in duplicate. 
b. both soluble and affinity layered preparations expressed maximum 
activity were taken as 100 for calculation of percent activity. 
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preparation retained 63% activity at 90°C while the soluble enzyme 
exposed to 90°C for 20 min was completely inactivated. The increase in 
stability was also layer dependent and was of relatively higher magnitude 
in all the immobilized preparations compared to the soluble enzyme. 
3.2.6.3 Effect of pH 
The activity of soluble and immunoaffinity layered glucose 
oxidase preparation was estimated after 15 min preexposure in the 
buffers of various pH values (2.0-9.0). The obtained results revealed that 
binding of glucose oxidase in the form of layers resulted In more 
broadening of curve from (pH 4.0-8.0) as compared to soluble enzyme 
(Fig. 17). Immobilized enzyme exhibited higher retention of enzyme 
activity in basic and acidic side of the pH-optima of the enzyme. 
3.2.6.4 Effect of 4.0 M urea 
The activity of soluble and immunoaffinity layered glucose 
oxidase preparations obtained using glycosyl specific antibodies on 
Sepharose 4B bearing all the six layers was measured by preincubating 
the preparation in 4.0 M urea for various time durations at 37°C. Figure 
18A shows that a layer by layer enhancement in stability was seen after 
90 min of preincubation in 4.0 M urea. The immunoaffinity layered 
immobilized preparation bearing six layers retained about 87% activity 
even after 2 hrs incubation while the soluble enzyme lost its full activity 
under similar experimental conditions. Immunoaffinity layered 
immobilized preparation of glucose oxidase also exhibited layer by layer 
increase in resistance against inactivation induced by 4.0 M urea during 
long time exposure. Figure 18B shows that six layered immunoaffinity 
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Fig.17 Effect of pH on the activity of soluble and 
immunoaffinity layered preparations of glucose 
oxidase obtained using glycosyl specific IgG 
Soluble and all the six immunoaffinity layered glucose oxidase 
preparations were incubated at indicated pH for 15 min and 
activity was measured according to the procedure described in 
the text. The buffers used were glycine-HCI (pH 2.0-3.0), 
sodium acetate (pH 4.0-5.0) and sodium phosphate (pH 6.0 -
9.0). The molarity of the buffers was 20 mM. The symbols 





OS Ot' 0£ 03 
























Fig.18 Effect of 4.0 M urea on activity of soluble and 
immunoaffinity layered preparations of glucose 
oxidase obtained using glycosyi specific IgG 
Native and all the six immunoaffinity layered preparations of 
glucose oxidase were made 4.0 M with urea in 20 mM sodium 
phosphate buffer pH 7.2 and incubated at 37°C for short term 
(A) and long term (B) for various durations. Aliquots were taken 
out at indicated intervals and activity was estimated. Symbols 
indicating various preparations are same as mentioned in fig. 
legend 16. 
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preparation of glucose oxidase retained 40% activity even after 24 hrs of 
incubation in 4.0 M urea. 
The increase in stability was also layer dependent and showed 
relatively higher magnitude of enzyme activity in all the immobilized 
preparations as compared to the soluble enzyme. 
3.2.6.5 Effect of organic solvents 
3.2.6.5.1 Effect of acetone 
Water miscible organic solvents causes the inactivation of 
enzymes when they are mixed in higher proportion with solvents. Activity 
of soluble and immunoaffmity layered glucose oxidase preparations 
obtained via glycosyl specific antibodies was determined by preincubating 
all the preparations in 10-50% of aqueous acetone cosolvent mixture for 
2-6 hrs at 37°C. Immunoaffinity six layered immobilized preparation 
retained 92%, 88% and 72% of the original activity when exposed to 50% 
acetone at 37°C for 2,4 and 6 hrs, respectively while the soluble enzyme 
retained only 36%, 28% and 18% of the initial activity under the identical 
conditions (Fig. 19). 
3.2.6.5.2 Effect of dioxane 
The ability to retain activity by soluble and immunoaffmity 
layered immobilized preparations of glucose oxidase was estimated after 
preincubating all the immobilized and soluble enzyme preparations for 2-6 
hrs at varying concentration of dioxane ranging from 10 to 50%. Six 
layered immobilized preparation of glucose oxidase exhibited almost all its 
activity when exposed to 50% dioxane for 2,4 and 6 hrs while the soluble 
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Fig.19 Effect of acetone on the activity of soluble and 
immunoaff inity layered glucose oxidase 
preparations obtained using glycosyl specific IgG 
Activity of soluble and immunoaffinity layered preparations of 
glucose oxidase obtained using glycosyl specific IgG was 
determined after incubating the preparations in indicated 
concentration of acetone at 37°C for various time durations. 
Aliquots of native enzyme and immunoaffinity layered 
preparations not exposed to acetone were taken as 100 for 
calculation of percent activity. Symbols show soluble 
glucose oxidase [ • ] and immunoaffinity layered preparation of 
glucose oxidase obtained using glycosyl specific IgG bearing, 
one [•], two [ • ], three [ * ], four [n], five [Q] and six [+] 
layers. 
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enzyme retained only 77%, 65% and 63% of original activity under 
identical conditions (Fig. 20). 
3.2.6.5.3 Effect of dimethylformamide 
Activity of all six layered immunoaffmity Sepharose 4B 
immobilized preparations of glucose oxidase and soluble enzyme was 
investigated after preincubation in 10-50% aqueous DMF cosolvent 
mixture at 37°C for 2-6 hrs. Figure 21 indicates the marginal loss of 2%, 
5% and 13% enzyme activity by six immunoafflnity layered glucose 
oxidase after 2, 4 and 6 hrs of preincubation in 50% aqueous DMF 
mixture. However, soluble enzyme lost 34%, 39% and 45% of the initial 
activity under the above mentioned conditions. 
3.2.6.5.4 Effect of tetrahydrofuran 
Activity of soluble and immunoafflnity layered glucose 
oxidase preparations obtained via glycosyl specific IgG on Sepharose 4B 
support was determined after the preincubation in 10-50% aqueous THF 
cosolvent mixture for 2, 4 and 6 hrs at 37°C. Figure 22 shows that 90, 89 
and 87% of original activity was retained by six immunoaffmity layered 
preparation, whereas 8, 2 and 1% of activity was retained by soluble 
glucose oxidase in 50% aqueous THF cosolvent mixture after 
preincubation at 37°C for 2,4 and 6 hrs. 
An impressive increase in activity by immunoafflnity layered 
preparations was obtained at high concentration of water miscible organic 
solvents even after preincubation for longer durations with respect to 
soluble enzyme. The observations revealed that the use of glycosyl 
specific antibody might be preferred for providing the high stability of 
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Fig.20 Effect of dioxane on the activity of soluble and 
immunoaff inity layered glucose oxidase 
preparations obtained using glycosyl specific IgG 
Activity of soluble and immunoaffinity layered preparations of 
glucose oxidase obtained using glycosyl specific IgG were 
determined after incubating the preparations in indicated 
concentration of dioxane at 37°C for various time intervals. 
Aliquots of native enzyme and immunoaffinity layered 
preparations not exposed to dioxane were taken as 100 for 
calculation of percent activity. For symbols refer to fig. legends 
19. 
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Fig.21 Effect of dimethlyformamide on the activity of 
soluble and immunoaffinity layered glucose 
oxidase preparations obtained using giycosyl 
specific IgG 
Activity of soluble and immunoaffinity layered preparations of 
glucose oxidase obtained using giycosyl specific IgG was 
determined after incubating the preparations in indicated 
concentration of DMF at 37°C for various time intervals. Aliquots 
of native enzyme and immunoaffinity layered preparations not 
exposed to DMF were taken as 100 for calculation of percent 
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Fig.22 Effect of tetrahydrofuran on the activity of soluble 
and immunoaffinity layered immobilized glucose 
oxidase preparations obtained using glycosyl 
specific IgG 
Activity of soluble and immunoaffinity layered preparations of 
glucose oxidase obtained using glycosyl specific IgG was 
determined after incubating the preparations in indicated 
concentration of THF at 37°C for varying time periods. Aliquots 
of native enzyme and immunoaffinity layered preparations not 
exposed to THF were taken as 100 for calculation of percent 
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enzyme against various parameters including organic solvents and this 
Indeed increases their applicability in protein engineering, medium 
engineering and organic synthesis. 
3.2.6.6 Determination of Kinetic Constants K^ and Vmax 
The activity of soluble and immunoaffinity layered preparations 
with one, three and six layers layers of glucose oxidase was measured as 
a function of substrate concentration. A typical Michaelis - Menten curve 
was observed both in case of native and immunoaffinity immobilized 
preparations. The Lineweaver - Burk plot indicated that the Km value of 
the immunoaffinity layered glucose oxidase remained, unchanged at 
1.89x10"^ M, the Vmax of immunoaffinity layered preparations slightly 
decreased with respect to native enzyme (Fig. 23). 
3.3 INSOLUBILIZATION AND STABILIZATION OF 
GLUCOSE OXIDASE USING SPECIFIC POLYCLONAL 
ANTIBODIES, GLYCOSYL SPECIFIC POLYCLONAL 
ANTIBODIES AND Con A 
3.3.1 Preparation of Con A-Glucose Oxidase Complexes 
The ability of Con A to form large insoluble complexes with 
glycoenzymes/glycoproteins is well documented (Husain et al., 1985). As 
shown in Fig. 24, the insoluble complexes of glucose oxidase with Con A 
could be readily obtained by mixing the enzyme with Con A. Insoluble 
complexes of glucose oxidase with Con A retained nearly 91% of the intial 
activity. It was observed that 15% activity was lost after crosslinking the 
insoluble Con A-glucose oxidase complexes with 0.5% glutaraldehyde for 
2hrs. 
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Fig.23 Line weaver-Burk plot of soluble and immuno-
affinity layered glucose oxidase preparations 
obtained using glycosyl specific IgG 
Comparable quantities of soluble and immunoaffinity layered 
glucose oxidase layered (I, III, VI) preparations were incubated 
in a series of tubes witli standard assay mixture containing 
varying concentration of substrate. After 10 min of incubation at 
37°C, the activity in all preparations was determined. 
Preparations used are; soluble enzyme [ • ], immunoaffinity 
layered glucose oxidase bearing; One [ A ], Three [D ] and 
Six [O ] layers. 
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Fig.24 Precipitation of glucose oxidase with Con A 
Glucose oxidase 250 units were incubated with various 
concentration of Con A in a total volume of 1.0 ml. The 
incubation was performed at 37°C for 12 hrs. The precipitate so 
obtained was cartrifuged and washed thoroughly, and finally 
suspended in 20 mM sodium phosphate buffer, pH 6.1. Enzyme 
activity in the supernatant as well as in precipitate was 
calculated as described in the text. The symbols show activity in 








0.2 0.4 0.6 
Molar ratio (Con A/Enzyme) 
0.8 
3.3.2 Preparation of Insoluble Complexes of Glucose 
Oxidase with Antiglucose Oxidase IgG 
To a series of tubes containing 500 |jg of glucose oxidase 
dissolved in 0.3 ml of 20 mM sodium phosphate buffer pH 7.2, was mixed 
with varying concentration of antisera containing antiglucose oxidase IgG 
in a total volume of 0.8 ml and incubated at 37°C for 8 hrs. Glucose 
oxidase samples were also incubated with comparable amounts of serum 
of rabbits not immunized with glucose oxidase as control. The complex 
was isolated by centrifugation at 3000 rpm for 15 min. Finally the 
precipitate was washed with buffer several times. The activity of 
precipitate and supernatant was elucidated. As shown in Fig. 25A and 
25B, the addition of increasing concentration of antiserum to the enzyme 
resulted in the gradual disappearance of glucose oxidase activity from the 
supernatant while the enzyme activity in the precipitate was linearly 
increased. Insoluble adducts of glucose oxidase with polyclonal 
antiglucose oxidase and glycosyl specific polyclonal antibodies retained 
about 80% and 88% of the original enzymatic activity at the molar ratio of 
IgG to enzyme, 3.5 and 4.0, respectively. These observations evidently 
demonstrate the formation of precipitating antibodies in the rabbits as a 
result of immunization with pure glucose oxidase and neoglycoconjugate. 
The insoluble immunocomplexes were crosslinked with 0.5% 
glutaraldehyde. The crosslinking of the complexes of glucose oxidase 
obtained using antiglucose oxidase and glycosyl specific antiglucose 
oxidase antibodies resulted in the loss of 10% and 8% of the complex 
activity, respectively. 
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Fig.25 Preparation of insoluble immunocomplexes of 
glucose oxidase with antiglucose oxidase IgG 
In a total volume of 0.3 ml 125 units of glucose oxidase 
dissolved In 20 mM sodium phosphate buffer, pH 7.2, was 
incubated in 250-2500 ^g of (A) antiglucose oxidase and (B) 
glycosyl specific antiglucose oxidase. The samples were 
incubated for 12 hrs at 37°C. Precipitate was separated from 
supernatant by centrifigation at 3000 rpm. Appropriate aliquots 
of samples were analyzed for glucose oxidase activity as 
described in the text. Symbols (A) antiglucose - glucose oxidase 
complex [ • ], Activity in supernatant [ O ]• (B) glycosyl specific 
antiglucose oxidase - glucose oxidase complex [ • ], Activity in 
supernatant [A] . 
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3.3.3 Properties of Insoluble Complexes of Glucose 
Oxidase 
3.3.3.1 Thermal stability of glucose oxidase at 60°C 
Thermal stability of the complexes of glucose oxidase with 
antiglucose oxidase purified IgG, glycosyl specific antiglucose oxidase 
IgG and Con A was determined after preincubation of the enzyme 
preparation at 60°C for different time durations. Insoluble complexes of 
the glucose oxidase retained very high enzyme activity even after 
preincubation at60°C for various duration. In fact, the enhancement in the 
stability of insoluble adducts appeared more marked when these 
complexes were crosslinked with glutaraldehyde. The insoluble adducts of 
glucose oxidase with antiglucose oxidase IgG, glycosyl specific 
antiglucose oxidase IgG and Con A exhibited about 57%, 65% and 65% 
of original activity after 2 hrs of preincubation at 60°C while the soluble 
enzyme lost its complete activity under similar experimental conditions 
(Fig.26Aand26B). 
3.3.3.2 Thermal stability of the insoluble complexes of glucose 
oxidase prepared using low and high concentration of 
lgGat60°C 
In order to investigate the role of IgG in immunocomplexes on 
the thermal stability of glucose oxidase. Some efforts have been made to 
prepare the insoluble immunocomplexes of glucose oxidase by using low 
and high concentration of antiglucose oxidase IgG and glycosyl specific 
antiglucose oxidase IgG. The complexes were preincubated in 20 mM 
sodium phosphate buffer, pH 7.2 at 60°C for various time intervals. After 
incubation the samples were rapidly chilled before the determination of 
activity. Figure 27 shows no marked difference in enzyme activity 
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Fig.26 Thermal inactivation of soluble and insoluble 
complexes of glucose oxidase prepared with IgG 
(A) and Con A (B) 
Soluble and insoluble complexes of glucose oxidase were 
incubated at 60°C in 20 mM sodium phospiiate buffer, pH 7.2 for 
indicated time periods. The samples were cooled in ice for 1hr 
and assayed for the residual activity. Aliquots of comparable 
activity of both soluble and insoluble complexes not exposed to 
60°C were taken as 100 for the calculation of percent activity. 
Symbol (A) soluble glucose oxidase (GOD) [ • ], IgG -GOD 
complex [ • ], glycosyl specific IgG - GOD complex [ A ], 
crosslinked IgG -GOD complex [ X ], crosslinked glycosyl 
specific IgG - GOD complex [ * ]. (B) soluble GOD [• ], Con A -
GOD complex [D ], crosslinked Con A - GOD complex [A]. 
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Fig.27 Thermal inactivation of immunocompiexes of 
glucose oxidase obtained using low and high 
concentration of IgG 
Soluble and insoluble Immunocompiexes of glucose oxidase 
obtained using low and high concentration of IgG were 
incubated in 20 mM sodium phosphate buffer, pH 7.2 at 60°C. 
Aliquots were removed at various indicated time durations, 
chilled immediately and activity was determined. Activity of 
unincubated enzyme was taken as 100, both for soluble and 
insoluble preparations. Symbol shows; soluble glucose 
oxidase [ • ], Low IgG-GOD complex [ • ], Low glycosyl 
specific IgG-GOD complex [ A ], High IgG-GOD complex [ D ], 
High glycosyl specific IgG - GOD complex [ A ]. 
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between the complexes prepared by using low and high concentration of 
IgG after incubation at 60°C.However, there was a remarkable difference 
in thermal stability of the insoluble complexes of the glucose oxidase as 
compared to native enzyme. 
3.3.3.3 Temperature-activity profile 
The ability to retain the enzyme activity at various temperatures 
by soluble and insoluble adducts formed by the enzyme with polyclonal 
IgG, glycosyl specific polyclonal IgG and Con A, was estimated after 
preincubating the soluble and Insoluble adducts of enzyme at various 
temperatures. Figure 28A and 28B show that at higher temperatures 
insoluble adducts retained greater fraction of enzyme activity over the 
wide temperature ranges of 50°-80°C while the soluble enzyme lost 
activity rapidly under identical conditions. Immunocomplexes of glucose 
oxidase prepared with glycosyl specific IgG and Con A-glucose oxidase 
complex were significantly more stable at high temperatures as 
compared to the complexes obtained by using antibodies raised against 
whole enzyme. Further, a slight enhancement in the stability of the 
enzyme was observed after crosslinking the complexes of glucose 
oxidase with glutaraldehyde. 
3.3.3.4 Effect of pH 
The enzyme activity of soluble and insoluble adducts of glucose 
oxidase prepared with polyclonal IgG, glycosyl specific polyclonal IgG and 
Con A, was investigated after 15 min exposure in the buffers of various 
pH-range (2.0-9.0). A loss of 37%, 30% and 40% of activity was 
observed by crosslinked Con A-glucose oxidase, glycosyl specific IgG-
glucose oxidase and IgG-glucose oxidase complex at pH 9.0 while the 
1£14^ 
Fig.28 Effect of temperature on the activity of soluble and 
insoluble complexes of glucose oxidase prepared 
using IgG(A) and Con A (B) 
Approximately 1.5 units of soluble and insoluble glucose oxidase 
preparations were incubated at indicated temperatures for 20 
min and enzyme activity was determined under similar assaying 
conditions. For symbols please refer to fig. legend 26. 
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soluble enzyme lost nearly 60% of its original activity. These results 
suggested that significant increase in the stability was dennonstrated by 
insoluble adducts in the buffers of acidic and alkaline pH-ranges (Fig.29A 
and 29B). 
3.3.3.5 Effect of 4.0 M urea 
The soluble and insoluble aggregates of glucose oxidase with 
antiglucose oxidase polyclonal IgG, glycosyl specific polyclonal IgG and 
Con A were preincubated in 20 mM sodium phosphate buffer, pH 7.2 
containing 4.0 M urea at ST^C. After preincubation, the enzyme activity 
was determined. An impressive enhancement in the resistance against 
denaturation induced by urea was achieved by insoluble complexes while 
soluble enzyme lost rapidly its full activity. Very high stabilization was 
exhibited by the crosslinked insoluble preparations of glucose oxidase 
(Fig.SOA and 30B). 
3.3.3.6 Effect of organic solvents 
3.3.3.6.1 Effect of acetone 
Activity of soluble and all the crosslinked and uncrosslinked 
complexes of glucose oxidase obtained with antiglucose oxidase 
polyclonal IgG, glycosyl specific IgG and Con A was investigated after 
preexposure of these preparations in various concentrations of acetone 
for 2 hrs at 37°C. Insoluble complexes of glucose oxidase exhibited 
marked enhancement in resistance against acetone denaturation. Further 
enhancement in the stabilities of these complexes were observed on 
crosslinking with glutaraldehyde (Fig.31A and 31B). These obtained 
results revealed that the insoluble complexes of glucose oxidase with 
polyclonal IgG, glycosyl specific IgG and Con A retained about 66%, 96% 
Jl£^ 
Fig.29 pH-activity profiles of soluble and insoluble 
complexes of glucose oxidase prepared using IgG 
(A) and con A (B) 
Approximately 1.5 units of soluble and crosslinked insoluble 
complexes of glucose oxidase were incubated at 37°C in 
appropriate buffer of indicated pH and enzyme activity was 
determined. The buffers used for various pH ranges were 
glycine-HCI (pH 2.0 - 3.0 ), sodium acetate buffer (pH 4.0-5.0), 
sodium phosphate buffer (pH 6.0-9.0). The final concentration of 






































Fig.30 Effect of 4.0 M urea on the activity of soluble and 
insoluble complexes of glucose oxidase prepared 
using IgG (A) and con A (B) 
Soluble and insoluble complexes of glucose oxidase were made 
4.0 M with respect to urea concentration in 20 mM sodium 
phosphate buffer, pH 7.2 and incubated at 37°C, the aliquots of 
0.1ml were taken out at various time intervals and activity was 
determined. The activity of equal aliquots of different enzyme 
preparations not exposed to 4.0 M urea was taken as control 
100%, for the calculation of percent activity. For symbols please 
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Fig.31 Effect of acetone on the activity of soluble and 
insoluble complexes of glucose oxidase prepared 
using IgG (A) and con A (B) 
Soluble and insoluble glucose oxidase complexes were 
incubated at 37°C for 2 hrs at the indicated concentrations of 
aqueous-acetone cosolvent mixture and activity was determined. 
Activit^f untreated enzyme preparations were taken as 100. 
For symbols please refer fig. legend 26. 
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and 72% of the original activity when preexposed to 50% acetone at 37°C 
for 2 hrs. Insoluble complex with glycosyl specific antibodies was superior 
in resisting the denaturation/inactivation induced by acetone and exhibited 
very high retention of enzyme activity after exposure to 50 % acetone. 
3.3.3.6.2 Effect of dioxane 
Soluble and insoluble complexes of glucose oxidase 
pretreated with 50% dioxane under similar experimental conditions as 
described in section 3.3.3.6.1. Insoluble preparations were exhibiting 
higher retention of enzyme activity as compared to soluble enzyme. 
Crosslinked glycosyl specific IgG-glucose oxidase complex was markedly 
more resistant to dioxane treatment and showed no loss in enzyme 
activity even after 2 hrs preincubation in 50% dioxane at 37°C. The rest of 
the other insoluble complexes of glucose oxidase upon crosslinking do 
not express a major loss in the original activity of enzyme (Fig. 32A and 
32B). 
3.3.3.6.3 Effect of tetrahydrofuran 
Native and insoluble preparations of glucose oxidase were 
exposed to 10 to 50% THF at 37°C for 2 hrs. The residual activity in case 
of soluble, uncrosslinked and crosslinked complexes of glucose oxidase 
was determined. These results demonstrate the retention of 8%, 60%, 
90% and 65% of enzyme activity after 2 hrs of exposurer to 50% THF in 
case of soluble enzyme, IgG-glucose oxidase complex, glycosyl specific 
IgG-glucose oxidase complex and Con A-enzyme complex, respectively 
(Fig. 33A and 33B). It is evident from these observations that the 
preparation obtained by using glycosyl specific antibodies was markedly 
superior in resisting the inactivation caused by THF. 
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Fig.32 Effect of dioxane on activity of soluble and 
insoluble complexes of glucose oxidase prepared 
using IgG (A) and con A (B) 
Soluble and insoluble glucose oxidase complexes were 
incubated at 37°C for 2hr at the indicated concentration of 
aqueous dioxane-cosolvent system and activity was determined 
as described. The activity of untreated enzyme preparation were 
taken as 100. For symbols please refer to Fig. 26. 
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Fig.33 Effect of tetrahydrofuran on the activity of soluble 
and insoluble complexes of glucose oxidase 
prepared using IgG (A) and con A (B) 
Soluble and insoluble glucose oxidase complexes were 
incubated with tetrahydrofuran (THF) under similar experimental 
condition described in Fig. 31 and 32. Activity was determined 
under standard assay conditions. For the symbols please refer 
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3.4 IMMOBILIZATION AND STABILIZATION OF p-
GALACTOSIDASE USING SPECIFIC POLYCLONAL 
ANTIBODIES 
3.4.1 Ouchterlony Immunodiffusion of Pure P-
Galactosidase Against Specific Antisera 
Animals immunized with pure Aspergillus oryzae p-
galactosidase and anti-|3-galactosidase antibodies were collected and 
fractionated to isolate immunoglobulin-Q fraction as described in the text. 
Immunodiffusion was allowed to take place between p-galactosidase and 
anti p-galactosidase antisera in 1% agarose gel. The peripheral wells 1,2 
and 3 contained 20, 25 and 30 |j.l of anti p-galactosidase sera raised 
against p-galactosidase and the central well contained 32 i^ l of p-
galactosidase. The slide was incubated overnight to observe 
immunoprecipitin reaction in gel. Antisera raised against the pure p-
galactosidase contained precipitating antibodies as evident from Fig. 34. 
3.4.2 Precipitation of P-Galactosidase Using Anti-P-
Galactosidase Antibodies 
To a series of tubes containing 33 |ig of p-galactosidase 
prepared in 0.05 M sodium acetate buffer, pH 4.6 was added with varying 
amounts of antisera. The samples were made 0.25 ml final volume with 
the same buffer and incubated for 12 hrs. p-galactosidase was also 
incubated with comparable amounts of serum not immunized with p-
galactosidase as a control.The anti-p-galactosidase antiserum was 
effectively capable of precipitating p-galactosidase from solution. Figure 
35 shows that the addition of the antiserum resulted in gradual 
disappearance of p-galactosidase activity from the supernatant. The 
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Fig.34 Ouchterlony double immunodiffusion of 
p-gaiactosidase against specific antisera 
Rabbits were immunized with Aspergillus oryzae P-galacto-
sidase and antiserm containing anti P-galactosidase were 
collected and pooled for further study. Immunodiffusion was 
allowed to take place between p-galactosidase and anti p-
galactosidase in 1% agarose gel as described in the text. The 
central well contained 32 [i\ p -galactosidase (antigen), while the 




Fig.35 Preparation of insoluble immunocomplexes 
of p-galactosidase with anti p-galactosidase 
In a total volume of 0.5 ml, an appropriate amount of p-
galactosidase was dissolved in 50 mM sodium acetate buffer, 
pH 4.6 and the preparation was incubated with 20 ^ 1 - 120 ii\ of 
anti P-galactosidase antisera. The samples were incubated for 
12 hrs at 37°C, centrifuged at 3000 rpm for 5 min. Supernatant 
was separated from precipitate . Appropriate aliquots of various 
preparations were analyzed for p- galactosidase activity. ONPG 
was used as a substrate. Symbols showing p-galactosidase 
activity in immunoprecipitate [ • ] and in supernatant [Q]. 
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results clearly demonstrated the formation of precipitating and non-
inhibitory antibodies in rabbits as a result of immunization with pure p-
galactosidase. 
The insoluble immunocomplexes were isolated by centrifugation 
and precipitate was washed several times with 0.05 M sodium acetate 
buffer, pH 4.6. Addition of increasing amount of antisera to p-
galactosidase samples resulted in significant increase in the activity of 
enzyme in precipitate over those observed in supernatant. The precipitate 
retained nearly 90% of the original activity and the molar ratio of antisera 
to enzyme was observed to be 3.7. 
These immunocomplexes were also crosslinked with 0.5% 
glutaraldehyde and reaction was terminated by adding 0.1% 
ethanolamine, the mixture was incubated for 2 hrs at 37°C. Crosslinking 
of the complex resulted into loss of 20% enzyme activity. 
3.4.3 Properties of Immunocomplexes of |3-Galacto-
sidase 
3.4.3.1 Temperature stability at 55°C 
Activity of free and insoluble immunocomplexes of p-
galactosidase was estimated. Free, uncrosslinked and crosslinked 
immunocomplexes of the enzyme were preincubated at 55°C for various 
time intervals. Figure 36 indicates that p-galactosidase-antibody complex 
exhibited higher stability as compared to the free enzyme. Further, 
enhancement in stability was achieved on crosslinking the complex. 
Uncrosslinked and crosslinked complexes retained 25% and 30% activity 
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Fig.36 Thermal stability of soluble and insoluble immuno-
complexes of (3-galactosidase 
For the determination of stability at 55°C soluble and insoluble 
immunocomplexes of p-galactosidase were incubated in 50 mM 
sodium acetate buffer pH 4.5 for indicated time durations. The 
samples were quickly picked up, cooled in ice for 1 hr and 
assayed for enzymatic activity. Aliquots of comparable activity of 
free enzyme and insoluble immunocomplexes not exposed to 
55°C were taken as 100 for the calculation of percent activity. 
Symbols representing soluble p-galactosidase [ • ], uncross-
linked anti-^-galactosidase- p-galactosidase complex [ • ] and 
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after 2 hrs of preincubation at 55°C while the free enzyme lost nearly all 
its activity under similar experimental conditions. 
3.4.3.2 Temperature- Activity profiles 
The activity of free and insoluble immunocomplexes of p-
galactosjdase crosslinked and uncrosslinked were investigated at various 
temperatures. The temperature-optima of the free and insoluble enzyme 
complex remained unaltered. The slight broadening in temperature-
activity profile was observed in case of insoluble preparations of 
p-galactosidase(Fig.37). 
3.4.3.3 Effect of pH 
Enzymatic activity of free, uncrosslinked and crosslinked 
insoluble immunocomplexes of p-galactosidase was observed after 
preincubating the preparations in the buffer of different pH values (3.0-
9.0) at 37°C for 15 min. The insoluble immunocomplexes of p-
galactosidase exhibited a slight broadening in pH-activity profile (Fig.38). 
The pH-optima of all the preparation remained unchanged, pH 5.0. 
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Fig.37 Temperature-activity profiles of soluble and 
insoluble immunocomplexes of p-galactosidase 
Appropriate aliquots of soluble and uncrosslinked and 
crosslinked immunocomplexes of p-galactosidase were 
incubated at indicated temperature for 20 min and were assayed 
for enzyme activity. Soluble and various in soluble preparations 
are represented by symbols as detailed in legend of Fig. 36. 
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Fig.38 pH-activity profiles of soluble and insoluble 
immunocomplexes of p-galactosidase 
Appropriate concentration of soluble and uncrosslinked and 
crossllnked insoluble immunocomplexes of p-galactosidase 
were incubated in various buffers, sodium acetate (pH 3.0-5.0) 
and sodium phosphate (pH 6.0-9.0) for 15 min and activity was 
determined. The molarity of all the buffers was 50 mM. For 






Developing areas such as recombinant DNA technology, protein 
engineering, environmental engineering, biomedical engineering and 
more recently solvent engineering, all need the potential of stable 
enzymes in catalyzing the transformation of both the water soluble and 
water insoluble substances. There is a growing demand for unique, 
catalytically efficient, substrate specific enzyme based biosensors/ 
bioreactors which have been extensively used in biomediation processes, 
organic synthesis, food and fuel analysis, chemical analysis, 
environmental analysis and therapeutic uses. Most enzyme applications 
necessitate homogenous or at least reasonably pure preparations that 
tend to be expensive. Recovery, reuse and stabilization of the enzymes 
in harsh environmental conditions to which they are exposed during 
operation therefore becomes obligatory in order to make the 
transformations and analysis cost effective. 
The well established enzyme immobilization technology offers a 
broad spectrum of strategies to stabilize enzymes and a judicious choice 
amongst these is likely to enhance the performance of any given enzyme 
(Gianfreda etal . , 1991;Gemeiner et al ., 1994). While interest in 
irreversible and covalent methods of enzyme immobilization continues, 
bioaffinity based procedures are gaining remarkable attention especially 
in analytical and industrial applications (Mattiasson, 1988; Saleemuddin 
and Husain, 1991; Gupta and Mattiasson, 1992; Phelps et al., 1994). 
Several bioaffinity based procedures have already been developed 
for the immobilization of large number of enzymes by using lectin or IgG 
supports (Shami et al., 1989; Saleemuddin, 1999). Polyclonal/monoclonal 
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antibody mediated immobilized glucose oxidase preparations have been 
employed in biosensors/bioreactors for the analysis of glucose or for 
conversion of glucose to gluconic acid (de Alwis et al., 1987; de Alwis and 
Wilson, 1989). 
Glucose oxidase is an excellent choice for the purpose of 
immobilization due to its applications in glucose analysis and in the useful 
conversion of glucose to gluconic acid. p-Galactosidase has also been 
selected due to its role in hydrolysis of lactose in milk/whey. Lactose free 
milk is required by persons suffering from lactose intolerance. 
In the present study efforts have been made to develop the high 
yield and stable immobilized preparations of glucose oxidase by using 
immunoaffinity layering procedures. The layering experiments were 
performed with the help of polyclonal antibodies or F(ab)2' fragment on 
IgG coupled Co^ l^DA Sepharose or with glycosyl specific polyclonal 
antibodies on Sepharose 4B. The stability of the immunoaffinity layered 
immobilized glucose oxidase has also been investigated. Insoluble 
enzyme preparations of glucose oxidase and p-galactosidase were also 
prepared by using polyclonal IgG against whole enzyme, glycosyl specific 
polyclonal IgG and Con A. These immobilized preparations were studied 
for various stability properties. 
An attempt was made to immobilize the commercially available 
glucose oxidase by a novel immunoaffinity layering procedure on the 
support prepared by favourable orientation of antibody on metal ion 
support. Several proteins and enzymes in their native state have innate 
affinity for the metal-chelate supports due to the presence of one or more 
surface histidines (El-Rassi et al., 1988; Ljungquist et al., 1989; Carison et 
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al., 1996). However, the histidine rich sequence located in the C-terminal 
portion of the Fc region of the heavy chain of IgG which binds strongly to 
Co *^IDA matrix (Hale and Beidler, 1994). This binding facilitates the 
orientation of the antibody with antigen binding sites facing away from the 
support. It was possible to immobilize antibodies in an exchange inert 
fashion by oxidizing the antibody bound Co *^ to Co *^ and all the 
investigated subclasses of the antibodies could be immobilized by this 
procedure (Hale, 1995). Furthermore, metal ions, which contribute 
stability to a large number of naturally occuring proteins, offer several 
useful engineering routes to stabilization (Arnold and Zhang, 1994). A 
simple and elegent procedure for high yield immobilization of enzymes 
has been designed that results in the assembly of large quantity of 
enzyme on small amount of matrix. The method was successfull in 
increasing the sensitivity of enzyme based sensors and making enzyme 
reactors more compact for other applications (Farooqui et al., 1999). 
Polyclonal antibodies raised against commercially available 
glucose oxidase were proteolyzed by pepsin and the F(ab)2' dimer was 
isolated using metal affinity chromatography, the Fc fragment binds to the 
matrix while the F(ab)2' dimer remains in the mobile phase (Hale , 1995). 
Glucose oxidase 1.1 mg was immobilized onto 1ml of Co '^^ -chelated IDA 
Sepharose precoupled with purified IgG. The IgG-coupled metal chelating 
support was successfully used to immobilize the enzyme alternately with 
F(ab)2' dimer. This enzyme layered on IgG coupled Co^ '^ IDA Sepharose 
via F(ab)2' was compared with enzyme bound on the similar support 
using intact IgG. The amount of immobilized glucose oxidase could be 
raised over 8.0 fold and 11.0 fold after three successive incubation cycles 
of glucose oxidase with intact IgG and F(ab)2' fragment on IgG-Co"^ * IDA 
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matrix, respectively. A schematic representation of immunoaffinity layered 
preparation of glucose oxidase obtained with the help of F(ab)2' on 
Co^lDA Sepharose is shown in Fig.39. The results suggest that the 
immobilization of glucose oxidase using intact antibody may cause steric 
hindrances in the accessibility of antibody binding sites. This problem has 
been circumvented by using F(ab)2' fragment which results in the 
assembly of higher amount of immobilized enzyme. The use of F(ab)2' 
fragment instead of intact IgG has already been suggested for the 
immobilization of enzymes on the supports (de Alwis et al ., 1987; de 
Alwis and Wilson, 1987). 
Table 3 and 4 summarize that the effectiveness factor 'n' of the 
immunoaffinity layered preparation raised exponentially, which is used as 
an index fraction of bound activity expressed with successive formation of 
initial layers. The antibodies bound onto metal chelating support were 
oriented with their combining sites away from the matrix which facilitates 
maximum antigen binding (Saleemuddin, 1999). Antibody bound to 
Co^ l^DA matrix was oxidized with H2O2 to form a strong irreversible 
complex. Moreover, the enzyme associated with support in subsequent 
three layers exhibited higher accessibility for the substrate and enhanced 
stability against various fonns of inactivation. 
More recently several methods for the immobilization of enzymes 
in the form of layers have been reported. However, these layering 
techniques have certain limitations such as difficulty in preparation of 
enzyme layers, sometimes they add more cost to the system or they are 
not useful for non-glycosylated enzymes (Onda et al., 1996; Farooqui et 
al.,1997; f?ao etal., 1999). 
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Fig.39 A Schematic Representation of Immunoaffinity 
Layered preparation of Glucose Oxidase on 
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Fig 7A and 7B show that the layers of immobilized glucose oxidase 
preparations assembled on Co^ '^ IDA - Sepharose exhibited marked 
resistance to inactivation at 60°C. This enhancement in the stability 
gradually increases layer by layer till the formation of three additional 
layers. Temperature-stability profile of three immunoaffinity layered 
preparations of glucose oxidase on Co^ l^DA Sepharose using intact IgG 
or F(ab)2' were compared with the soluble counterpart. The immobilized 
preparations retained greater fraction of activity even after one hr of pre-
exposure at higher temperatures (Table 5). The immunoaffinity layered 
glucose oxidase preparation obtained using F(ab)2' dimer was 
significantly more superior in stability than the preparation obtained using 
intact IgG. The enhancement in resistance to heat inactivation may be 
due to the interactions of the immobilized glucose oxidase molecules with 
more and more antibody molecules, resulting in higher degree of 
stabilization (Shami et al., 1991). It is also known that enzyme molecules 
are attached to supports through multiple covalent (Koch -Schimdt et al., 
1977; Guisan et al., 1991) and non-covalent linkages (Monsan and 
Combes, 1988; Saleemuddin and Husain, 1991) resulting in enhanced 
stability. It is very likely that the IgG supports with multilayers have 
increasing fractions of enzyme molecules reacting with more than one IgG 
molecule as in the case of IgG-enzyme flocculates that exhibt remarkably 
higher degrees of stability compared to preparations obtained by binding 
to matrices with precoupled antibodies (Shami et al., 1989 ; Jafri et al., 
1993). Infact the stability of the bioaffmity layered preparations appeared 
significantly superior due to the reason discussed earlier. The native 
conformation of enzyme can be stabilized by lowering the energy of 
activation which is due to exclusion of water molecules from interactive 
areas (Davis et al., 1988) as a result of enzyme-antibody interaction 
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(Chotnia and Janin, 1975). Sadana and Madgula (1993) have reported 
that the lateral Interactions with more than one antibody molecule may 
significantly contribute to the stability of bound enzyme. 
The immunoaffinity layered preparations, however, exhibited more 
broadening in the pH - activity profile and a retention of greater fraction of 
enzyme activity at extreme of acidic and alkaline pH. However, there was 
no change in pH optimum as compared to the free enzyme (Fig. 8). 
These findings suggest that the immunoaffinity layered enzyme on metal 
chelating support probably restricts the unfolding of the enzyme at 
extremes of pH and the support does not result in the alteration of the 
microenvironment of enzyme and therefore facilitates the retention of 
greater fraction of enzyme activity. The y - globulin molecules have higher 
pi values and are expected to be positivily charged around pH 7.2 (Pilletet 
et al., 1994) which may presumably be the cause of restricting the activity 
of layered preparations towards acidic range. Glucose oxidase 
immobilized on immunoaffinity support does not result in the alteration of 
microenvironment of its active site in the buffers of various pH values. 
Therefore, these immobilized preparations exhibit higher retention of 
enzyme activity in the acidic and alkaline regions. 
Layer by layer stabilization of immunoaffinity layered immobilized 
glucose oxidase on IgG coupled Co *^IDA Sepharose was observed. 
Marked improvement in resistance to denaturation by urea was achieved 
(Fig. 9). This could presumbly be due to strong binding between enzyme 
and antibody. The removal of antibodies from the metal chelating 
Sepharose was quite difficult and this complex could not be dissociated 
even with 6.3 M urea (Hale, 1995). 
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The ability of enzymes to function in organic solvents is well 
documented in the literature (Blanch and Clark, 1991). Some enzymes 
not only retain their catalytic function but also catalyze novel reactions 
and exhibit remarkable stability in organic solvents (Gupta and 
Mattiasson, 1992). The significance of the support matrices for the 
immobilization of enzymes in organic solvents is well known (Reslow et 
al., 1988) and proteinic support may be particularly useful (Whetze et al., 
1992). However, no detailed study on the behaviour of enzymes 
immobilized on antibody support in organic solvent has been reported so 
far. 
In view of the utility of antibody support in the immobilization of 
enzymes, some efforts have been made to study the stability of glucose 
oxidase immobilized via immunoaffinity layering procedure on Co^ l^DA 
Sepharose. Three different water miscible organic solvents have been 
considered for such study i.e., acetone, dioxane and tetrahydrofuran. 
Immunoaffinity layered preparations of glucose oxidase clearly 
demonstrate much higher thermostability after prolonged exposure to 
these organic solvents (Fig. 10-12). The observed thermostabilization of 
enzymes in various organic solvents could possibly be due to low water 
requirement which reduces the inactivation events such as deamidation, 
peptide hydrolysis, cysteine decomposition or due to rigidity of enzyme 
structure observed in organic media (Gupta, 1991). 
Immobilized metal affinity chromatography (IMA) has been widely 
used in the chromatography/fractionation of proteins and is among the 
most popular methods available nowadays. IMA has several other 
applications including the separation of red blood cells (Sulkowski, 1989) 
and recombinant proteins containing surface hexahistidine clusters 
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(Sousa et al., 1996). The interaction of enzyme and antienzyme with 
metal chelating IDA-Sepharose is strongly influenced by metal ions 
involved in the coordination. The enzyme bound in the form of layers on 
metal chelated IDA Sepharose can be easily eluted with the help of Lewis 
acids (H*, Zn^"), that compete with metal for protein or with Lewis bases 
like imidazole that also compete with protein for metal. Elution can also 
be performed with strong chelators of metal ions like EDTA (Arnold, 
1991). Glucose oxidase assembled as three affinity layers on IgG coupled 
Co *^ IDA matrix with the help of IgG or F(ab)2' can possibly be eluted and 
reloaded with fresh batch of enzyme under similar experimental 
conditions as reported earlier (de Alwis et al., 1987; Farooqui et al., 
1999). 
The second most applicable approach for the immobilization of 
glucose oxidase was developed by using glycosyl specific antibodies to 
obtain highly active and stable enzyme preparations. The potential of 
polyclonal glycosyl recognizing antibodies in the immobilization of 
glycoenzymes has already been demonstrated (Jafri et al., 1997). 
Convenient procedures are available for raising antiglycosyl polyclonal 
antibodies against glycoproteins and glycoenzymes (Zopf et al., 1978; 
Feizi and Childs, 1990; Jafri et al., 1997). The purified glycosyl specific 
polyclonal antibodies raised against the newly synthesized 
neoglycoprotein excellently crossreacted with neoglycoprotein, BSA and 
native glucose oxidase but not with digested glucose oxidase (Fig. 15A). 
No crossreactivity of antineoglycoprotein was observed with other 
glycoenzymes, like, invertase and p-galacfosidase (Fig. 15B). These 
observations confirm that the antisera contain antibodies recognizing 
peptide epitopes of BSA and glycosyls of the glucose oxidase. Antibodies 
recognizing glycosyl moiety are unlikely to interfere with catalytic activity 
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and may prove useful in the immobilization of enzymes as the glycosyl 
residues of the glycoenzymes do not take part in catalytic function (Lis 
and Sharon, 1993). Polyclonal antibodies raised against glycosyl specific 
residues of glucose oxidase were non-inhibitory as shown in Fig.25B. 
These observations were in agreement with the studies performed by 
using antibodies recognizing glycosyl resiues of invertase which were 
found to be non-inhibitory towards the enzyme and more effective in the 
stabilization of the enzyme than those recognizing polypeptide domains 
(Jafri et al., 1997). In the present study an effort has been made to use 
the purified glycosyl specific antibodies for immunoaffinity layering of 
glucose oxidase on CNBr-activated Sepharose 4B. Initially the 
carbohydrate specific antibodies were coupled to the matrix, 2.1 mg of 
IgG were bound to one gram of the matrix. IgG coupled Sepharose 48 
was used to assemble as six desired layers by alternate incubation of the 
matrix with glucose oxidase and IgG. Table 6 shows the amount of 
glucose oxidase bound on glycosyl specific IgG-Sepharose after the 
formation of each layer. 
A schematic representation of immunoaffinity layered preparations 
of glucose oxidase obtained by using glycosyl specific polyclonal antibody 
on Sepharose 48 is shown in Fig.40. The yield of bound enzyme could 
be raised over 30 fold after six affinity layers. The quantity of the 
immunoaffinity layered enzyme on Sepharose 48 via polyclonal 
antibodies raised against the whole enzyme was increased only 20 fold 
after six repeated binding cycles (Farooqui et al., 1999). Glucose oxidase 
assembled in the form of layers on Sepharose 48 exhibited higher 
accessibility to the substrate. This was more evident from the high 
effectiveness factor 'n' of the immobilized preparations. Results were 
quite comparable when immunoaffinity layering of glucose oxidase was 
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Fig.40 A Schematic Representation of Immunoaffinity 
Layered preparation of Glucose Oxidase on 













































carried out by using unfractionated glycosyl specific antiserum. The 
increase in enzyme binding was nearly 33 fold after six affinity layers 
(Table 7). This enhanced binding is due to the multivalent polyclonal 
antibodies present in the whole antiserum as compared to the purified 
IgG. It is well recognized that unfractionated whole antiserum is quite 
effective in yielding highly active immobilized preparations. However the 
preparations obtained with whole antiserum were less stable as compared 
to the preparations obtained with purified IgG. Unfractionated antisera 
containing antiglycosyl polyclonal antibodies is slightly more superior in 
binding the enzyme over those the unfi-actionated antisera containing the 
antibodies against the whole enzyme. This unfi-actionated antisera against 
neoglycoprotein increased 33 fold activity after six repeated cycles while 
the antisera against the whole enzyme increased only 30 fold activity 
(Farooquietal., 1999). 
Immunoaffinity layered preparations of glucose oxidase retained 
greater fraction of activity at various temperatures as compared to soluble 
counterpart (Table 8). Higher percent of activity was exhibited by all the 
immunoaffinity layered preparations particularly at elevated temperatures 
compared to soluble enzyme but the six layered preparations retained 
significantly high activity even at 90°C. 
The results of immunoaffinity layered preparations of glucose 
oxidase exposed to 60°C indicate that the enzyme is highly stable for long 
duration (Fig. 16B). The marked resistance to inactivation was observed 
on layer by layer addition of enzyme to the matrix. Some previous studies 
have shown that the significant enhancement in stability was due to large 
number of covalent and non-covalent bonds formed between enzyme and 
IgG on the support (Koch - Schimdt et al., 1977; de Alwis and Wilson, 
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1989). The stability is further improved to a great extent by bioaffinity 
layering of the enzyme on the matrix (Farooqui et al., 1997; 1999). The 
immunoaffinity layered glucose oxidase preparations were also quite 
resistant to urea denaturation and exhibited retention of greater fraction of 
activity even after 24 hrs exposure to 4.0 M urea (Fig 18A and 18B). The 
association of assembled enzyme with glycosyi specific polyclonal 
antibodies was so strong that it could not be dissociated even after 
prolonged exposure to 4.0 M urea. 
The immunoaffinity layered preparations of glucose oxidase 
obtained using glycosyi specific polyclonal antibodies showed significant 
broadening in the pH-activity profiles and retained higher fraction of 
enzyme activity in buffers of acidic and rlkaline pH values (Fig. 17). 
These findings suggest there is no alteration in the microenvironment of 
the enzyme especially at the extremes of pH. In some earlier studies, it 
has been shown that glucose oxidase immobilized on lectin support 
exhibited greater broadening in pH-activity profiles (Iqbal and 
Saleemuddin, 1983 ; Husain and Saleemuddin, 1986; 1989). 
Furthermore, invertase immobilized on glycosyi specific antibody support 
also resulted into significant broadening in pH-activity profiles (Jafri et al., 
1997). It is now widely accepted that the glycosyi specific antienzyme 
antibodies have stabilizing effects on enzymes (Solomon et al., 1987; 
Shami et al., 1989; Jafri and Saleemuddin, 1997). This stabilizing effect 
was even further significantly enhanced by bioaffinity layering of enzyme 
on matrix (Farooqui et al., 1997). 
The catalytic activity of glucose oxidase layered by using glycosyi 
specific IgG on Sepharose 4B was also investigated in various water 
miscible organic solvents. The organic solvents chosen for the study were 
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acetone, dimethylformamide, dioxane and tetrahydrofuran. The exposure 
of immobilized preparations of glucose oxidase to these solvent for longer 
periods, did not significantly affect their catalytic activity while the soluble 
enzyme was rapidly inactivated under similar conditions (Fig. 19-22). The 
high stability of immobilized glucose oxidase in low water media indicates 
that the enzyme preparations can be efficiently used in some important 
reactions such as chemical synthesis, protein engineering and solvent 
engineering. 
There was no change in Km values for the immobilized enzyme 
preparations containing one, three and six affinity layers as compared to 
soluble enzyme. Thus the immobilization of glucose oxidase as multiple 
layers does not result in any change in enzyme conformation and 
alteration in accessibility for the substrate. The slight decrease in Vmax 
observed in case of layered enzyme preparations indicates that the 
interaction between enzyme and antibody masked some of the active 
sites of the enzyme and therefore less enzyme substrate complex formed. 
In the present study attempts have also been made to compare the 
properties of insoluble complexes of glucose oxidase prepared by using 
the following; polyclonal antibodies against whole enzyme, glycosyl 
specific polyclonal antibodies and Con A. Enzyme - antibody or enzyme 
- Con A complex formation represents the simplest among the bioaffinity 
immobilization procedures and these complexes can be readily obtained 
by mixing the enzyme solution with antibody or lectin solution. 
Interestingly neither pure enzyme nor pure antibody/Con A may be 
required for the formation of such complexes. (Husain and Saleemuddin, 
1986; Jafri et al., 1993). IgG and Con A complexes of glucose oxidase 
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retain most of the enzyme activity as shown in (Fig.25A and 25B). These 
results are in agreements with previous observations where several 
glycoenzymes have been shown to retain maximum enzyme activity in 
Con A or IgG complexes (Husain et al., 1985; Husain and Saleemuddin, 
1986; Jafri et al., 1993; 1995). These studies suggest that the insoluble 
complexes obtained using IgG and Con A are porous and the enzymes 
are readily accessible to the substrate. Infact immunocomplexes were 
quite stable against various forms of denaturation such as temperature, 
urea, pH and water miscible organic solvents (Fig 26 - 33). The stability 
was further improved by crosslinking the complexes with 0.5% 
glutaraldehyde. Numerous earlier reports indicate that enzymes show 
significant retention of catalytic activity when present in complexes with 
antibodies. Enzymes present in these complexes also exhibit enhanced 
stability against various denaturant (Shami et al., 1989; 1991). The 
stability of insoluble enzyme complexes may be due to various reasons 
such as protein - protein interactions resulting in the exclusion of water 
molecules from the interactive areas, which causes lowering of free 
energy and facilitate the formation of more compact native conformation 
of enzymes (Chotnia et al., 1975). Polyclonal antiglycosyl antibodies are 
superior to polyclonal antibodies recognizing peptide epitopes in that they 
confer significantly higher stability to the enzymes. 
The glycosyl recognizing antibodies may not cause interference 
because they bind to exposed glycosyl residues. The insoluble 
immunocomplexes of p-galactosidase also illustrates the stability of the 
enzyme in these complexes against temperature and pH (Fig.36-38). 
Immobilized enzyme preparations were also fully stable on storage for 
over four months. The stability of the complexes was further improved 
upon crosslinking the complexes with glutaraldehyde. Melchers and 
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Messers (1978) have already reported the stability of complexes of (3-
galactosidase prepared using specific antienzyme antibodies. A reactor of 
such complexes was successfully operated for hydrolyzing lactose and 
the enzyme could be used in the reactor for longer duration without any 
loss in catalytic activity. 
The small part]c\e dimensions of the IgG and Con A-enzyme 
complexes may however lead to their compact packing and consequently 
slow the flow rates in the column reactors. Their usefulness can be, 
however, remarkably enhanced by entrapping the complexes in a 
polymeric matrices or into semipermeable membranes before using them 
in the reactors (Husain et al., 1985; Kokufuta et al., 1988). Crosslinked 
Con A- invertase complexes entrapped into alginate gel could not leach 
out from the porous gels and retained activity inside the gels for longer 
periods (Husain et al., 1985). 
The most important aspect of immunoaffinity support is that it can 
be reused in bioreactors/biosensors. The sensitivity of glucose oxidase 
was enhanced so much that the glucose concentration as low as 0.1 g per 
litre could be easily measured with glucose oxidase FET analyzer bearing 
25 layers of the immobilized enzyme (Farooqui et al., 1999). Glucose 
oxidase from polyclonal antibody support was eluted at acidic pH and 
reloaded with the fresh batch of enzyme for about 10 binding cycles under 
similar experimental conditions without any apparent loss in enzyme 
binding (de Alwis et al., 1987). Similarly, immunoaffinity bound urease 
and NADase could be eluted and fresh enzyme bound to the reactor for 
five cycles without any decrease in binding (Agnellini et al., 1992). The 
binding capacity of the transglutaminase on an antibody support remained 
unaltered after 4 elution and binding cycles (Ikura et al., 1984). Some 
13 6 
studies have shown that the specific binding of the antigenic enzyme to 
the appropriate antibody support could be achieved directly and 
specifically from crude homogenates. This suggests that pure enzyme 
preparations may not be essential for their immobilization on 
immunoaffinity supports. Considerable potential of enzymes immobilized 
on immunoaffinity support exists in industry and analysis, the Co^*-
Chelated supports may be very useful in preparing supports with 
favourably oriented antibodies for the purpose (Turkova, 1993). These 
findings suggests that the immunoaffinity layered bound enzyme was 
markedly stable as compared to its soluble counterpart. Moreover, it was 
possible to elute and reload fresh batch of enzymes on the same support 




Immunoaffinity based procedures have been developed for the 
immobilization of enzymes and increasing amounts of enzymes were 
immobilized on solid surfaces using polyclonal antibodies or F(ab)2' 
fragment and carbohydrate specific polyclonal antibodies. Efforts have 
also been made to prepare the insoluble complexes of enzymes by using 
polyclonal antibodies, glycosyl specific polyclonal antibodies and 
concanavalin A, and their properties were compared with the soluble 
enzyme. 
Immobilization of glucose oxidase, a glycoenzyme, in high yield 
was achieved by using simple and very versatile bioaffinity methods. 
Antiglucose oxidase IgG were immobilized by favourably orienting them 
on cobalt charged IDA-Sepharose. IgG coupled to Co^ '^ IDA Sepharose 
could be used for high yield immobilization of glucose oxidase by 
incubation of matrix either with enzyme and IgG or with enzyme and 
F(ab)2' fragment. The amount of glucose oxidase immobilized after three 
affinity layers with IgG or F(ab)2' fragment was increased to 8.4 fold and 
11.0 fold and it result in the binding of 8.8 mg and 12.09 mg of glucose 
oxidase per ml gel, respectively. The results suggest that the 
immobilization of glycoenzymes using intact IgG may cause steric 
hindrances in the accessibility of the antibody binding sites. This problem 
has been circumvented by using F(ab)2' fragment which has a smaller 
size as compared to IgG. This procedure was significantly helpful in 
assembling higher quantity of enzyme on the support. These enzyme 
preparations were highly active as indicated by high effectiveness factor 
'n'. immunoaffinity layered preparations of glucose oxidase were markedly 
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more resistant to inactivation induced by temperature, 4.0 IVI urea, pH and 
various water miscible organic solvents. 
Furtiier, a simple and more strategic procedure was adopted for 
the immobilization of glucose oxidase in very high concentration on the 
support by using glycosyl specific polyc'^onal anibodies. Since the 
carbohydrate moieties of the glycoenzymes do not participate in catalytic 
activity, as glycosyl residues are quite apart from the active sites of the 
enzymes, the polyclonal antibodies raised against the glycosyl moiety of 
the enzyme were found to be non-inhibitory. 
Antiglycosyl specific antibodies were raised against Aspergillus 
niger glucose oxidase with neoglycoconjugate.prepared by coupling the 
glycosyl residue of glucose oxidase to BSA with glutaraldehyde. The 
antineogiycoconjugate antisera showed excellent crossreactivity with 
respect to neoglycoprotein, native glucose oxidase and BSA but not with 
glycopeptides of digested glucose oxidase. This antisera expressed no 
crossreactivity against other glycoenzymes; like, invertase and p-
galactosidase. Glucose oxidase was immobilized by initially binding the 
enzyme to Sepharose 48 precoupled with glycosyl specific antiglucose 
oxidase IgG. The immunoaffinity layered preparations were highly active 
and after six desired affinity layers, the amount of enzyme immobilized 
was 27 mg and 41 mg per gram of gel, resulting in the increase of 30 and 
33 fold with purified glycosyl specific polyclonal antibodies and 
unfractionated whole antisera, compared to the enzyme directly bound on 
the IgG-Sepharose 48 respectively. 
The immunoaffinity layered glucose oxidase preparations obtained 
using glycosyl specific polyclonal antibodies exhibited marked layer by 
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layer improvement in stability against high temperatures, 4.0 M urea, pH 
and high concentration of water miscible organic solvents. These layered 
preparations retained maximum enzyme activity as evident from the high 
effectiveness factor 'r\'. Significant fraction of activity was retained by 
layered preparations of glucose oxidase after 24 hrs of incubation at 60°C 
and in 4.0 M urea. The Km of various affinity layered preparations 
remained unaltered while the Vmax slightly decreased . 
A comparative study of the insoluble complexes of glucose oxidase 
obtained by using antienzyme antibodies or Con A was also carried out. 
Crosslinking of the insoluble preparations of glucose oxidase with 
glutaraldehyde, however, resulted in marginal loss of enzyme activity. 
The stability of crosslinked complexes was markedly improved against 
various fomis of denaturations. Crosslinked insoluble glucose oxidase 
complexes specially exhibited very high stability against water miscible 
organic solvents. Insoluble immunocomplexes of p-galactosidase were 
also prepared by using specific polyclonal antibodies raised in rabbits. 
Insoluble immunocomplex of p-galactosidase showed very high retention 
of enzyme activity and good stability against inactivation induced by 
extremes of temperature and pH. The stability of insoluble complexes 
was further enhanced by crosslinking them with 0.5% glutaraldehyde. 
The most important application of immunoaffinity layering 
procedures is that the preparation resulted in the formation of highly 
active and very stable immobilized enzyme. These supports therefore, 
have the potential to be effectively used to Increase the sensitivity and 
multiple reuse of enzymes in biosensors and bioreactors. 
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